1

DOCUMENT RESUME
ED 352 470 CE 062 571

TITLE Manufacturing Research and Education. Hearing before
the Subcommittee on Science of the Committee on
Science, Space, and Technology. U.S. House of
Representatives, One Hundred Second Congress, Second

Session.

INSTITUTION Congress of the U.S., Washington, DC. House Committee
on Science, Space and Technology.

REPORT NO ISBN-0-16-038885-6

PUB DATE 12 May 92

NOTE 178p.; No. 130. Document contains some small/faint
type.

AVAILABLE FROM U.S. Government Printing Office, Superintendent of
Documents, Congressional Sales Office, Washington, DC

20402.
PUB TYPE Legal/Legislative/Regulatory Materials (090)
EDRS PRICE MF01/PCO8 Plus Postage.
DESCRIPTORS Economic Development; *Educational Needs;

*Educational Research; *Engineering; *Engineering
Education; Federal Government; Government Role;
Hearings; Higher Education; *Manufacturing; *Research
and Development

IDENTIFIERS Congress 102nd

ABSTRACT

This document records the oral and written testimony
of witnesses who addressed the issue of how to strengthen research
and education in engineering design and manufacturing at U.S.
universities. The testimony includes a review of recommendations from
two studies of the National Research Council and of the plans and
programs of the National Science Foundation and other federal
agencies that fund research relative to these recommendations.
Witnesses included representatives from the National Research
Council, engineering professors and department chairs from
university, representatives from engineering education associations,
and the assistant director for engineering of the National Science
Foundation. They stressed that the United States has lost its
competitive edge in manufacturing and technology and that more
research is needed. Suggestions were made for increased research in
and federal funding for programs in engineering design, changes in
engineering education, and a design education clearinghouse. Other
recommendations included bringing increased design knowledge to
industry and promoting industry-university-government collaboration
in research and education. (RC)

e e e e e e e o s Je e e Fe 3 3% e F ke de ek Rk e dede e de o Fede ek ki k kek ke ko deskde ke ke kded ek skdek otk

* Reproductxons supplied by EDRS are the best that can be made *

* from the original document. *
*****************************************i*****************************




ED352470

CE
MANUFACTURING RESEARCH AND EDUCATION |

HEARING

BEFORE THE

SUBCOMMITTEE ON SCIENCE

OF THE

COMMITTEE ON
SCIENCE, SPACE, AND TECHNOLOGY
U.S. HOUSE OF REPRESENTATIVES

ONE HUNDRED SECOND CONGRESS
SECOND SESSION

MAY 12, 1992
[Neo. 1301}

Printed for the use of the
(ommitiee on Science, Space, and Technology

U.S. DEPARTMENT OF EDUCATION
Ofixce of Educational Researcn and improvement

EDUCATIONAL RESOURCES INFORMATION
CENTER (ERIC)

his document has been reproduced as
receved from tne person Of Ofgamization
onginating it
C Minor changes have been made 10 1mprove
reproduchion quality

e Points of view o opinions statedin this doCu-
ment do not necessarly represent ofticial
OERI position or pokcy

U.8. GOVERNMENT PRINTING OFFICE
WASHINGTON : 1992

For sale by the U.S. Government Printing Office
Superintendent of Documents, Congressional Sales Office. Washington. DC 20402

1SBN 0-16-038885-6

© % BESTCOPY AVAILADLE




PAFullToxt Provided by ERIC

COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY

GEORGE E. BROWN, Jr., California, Chairman

JAMES H. SCHEUER, New York ROBERT S. WALKER, Pennsylvania®
MARILYN LLOYD, Tennessee F. JAMES SENSENBRENNER, Jr.,
DAN GLICKMAN, Kansas Wisconsin

HAROLD L. VOLKMER, Missouri SHERWOOD L. BOEHLERT, New York
HOWARD WOLPE, Michigan TOM LEWIS, Florida

RALPH M. HALL, Texas DON RITTER, Pennsylvania

DAVE McCURDY, Oklahoma SID MORRISON, Washington
NORMAN Y. MINETA, California RON PACKARD, California

TIM VALENTINE, North Carolina PAUL B. HENRY Michigan
ROBERT G. 'I’ORRICELLI New Jersey HARRIS W. FAWELL, Ilinois

RICK BOUCHER, Virginia LAMAR SMITH, Texas

TERRY L. BRUCE, mmou CONSTANCE A. MORELLA, Maryland
RICHARD H. STALLINGS, Idaho DANA ROHRABACHER, California
JAMES A. TRAFICANT, J., Ohio STEVEN H. SCHIFF, New Mexico
HENRY J. NGWAK, New York TOM CAMPBELL, California

CARL C. PERKINS, Kentucky JOHN J. RHODES IIl, Arizona

TOM McMILLEN, Maryland JOE BARTON, Texas

DAVID R. NAGLE, Iowa DICK ZIMMER, New Jersey

JIMMY HAYES, Louisiana WAYNE T, GILCHREST, Maryland
JERRY F. COSTELLO, Hlinois SAM JOHNSON, Texas

JOHN TANNER, Tennessee GEORGE ALLEN, Virginia

GLEN BROWDER, Alabama

PETE GEREN, Texss

RAY THORNTON, Arkansas

JIM BACCHUS, Florida

TIM ROEMER, Indiana

ROBERT E. “BUD” CRAMER, Alabama
DICK SWETT, New Hampshire
MICHAL J KOPETSKI, Oregon

JOAN 1.ZLLY HORN, Missouri

ELIOT L. ENGEL, New York

JOHN W. OLVER, Massachusetts

Raproep Byxery, Jr., Chief of Staff

Micuars Ronemxven, Chief Counsel

CazoLyN C. Gaxenrmin, Chief Clerk
Davip D. CemxNT, Republican Chief of Staff

SUBCOMMITTEE ON SCIENCE

RICK BOUCHER, Virginia, Chairman
TERRY BRUCE, Illinois RON PACKARD, California
MICHAEL J. KOPETSKI, Oregon SHERWOOD L. BOEHLERT, New York
TIM VALENTINE, North Carolina HARRIS W. FAWELL, Nlinois
CARL C. PERKINS, Kentucky STEVEN H. SCHIFF, New Mexico
DAVID R. NAGLE, lowa TOM CAMPBELL, California
JIMMY HAYES, Louisiana WAYNE GILCHREST, Maryland
JERRY F. COSTELLO, Hlinois GEORGE ALLEN, Virginia
GLEN BROWDER, Alabama
RAY THORNTON, Arkansas
TIM ROEMER, Indians
JIM BACCHUS, Florida

*Ranking Republican Member.




CONTENTS

WITNESSES

May 12, 1992:
Dr. J.B. Jones, cochairman, Committee on Engineering Design Theory
and Methodology, National Research Council, and Randolph Professor
Emeritus, Department of Mechanical Engineering, Virginia Polytech-
nic Institute and State University, Blacksburg, VA; Gary Markovits,
member, Panel on Rapid Product Realization Process, Committee on
Analysis of Research Directions and Needs in US. Manufacturing,
National Research Council, and vice president, Savant Solutions Co.,
Wapxin’;gem Falls, NY; Dr. George E. Dieter, Engineering Deans’ Coun-
cil, erican Society for Eugineering Education, and Dean of Engi-
neering, University of Maryland, College Park, MD
Dr. Joseph Bordogna, assistant director for engineering, National Science
Foundation, Washington, DC; Dr. James J. Solberg, director, Engineer-
ing Research Center for Intelli Manufacturing Systems, ue
University, West Lafayette, IN; Dr. Ali . Agogino, associate director
for curricula reform, National Engineering Education Coalition and
associate professor of mechanical engineering, University of California
at Berkeley.

1m

ER

PAFullToxt Provided by ERIC




MANUFACTURING RESEARCH AND EDUCATION

TUESDAY, MAY 12, 1992

House o¥ REPRESENTATIVES,
COMMITTEE ON SCIENCE, SPACE, AND TECHNOLOGY,
SUBCOMMITTEE ON SCIENCE,
Washington, DC.

The subcomm:ttee met, pursuant to call, at 9:35 am., in room
2325, Rayburn Rouse Office Building, Hon. Rick Boucher (chair-
man of the subcomnittee), presiding.

Mr. BoucHER. The subcommittee will come to order.

This morning the Subcommittee on Science will address the
highly important question of how to strengthen research and edu-
cation in engineering design and manufacturing at. American uni-
versities. We will review recommendations from two separate stud-
ies of the National Research Council and address the plans and
programs of the National Science Foundation and other Federal
agencies that fund research relative to these recommendations.

From the mid-1940s until the 1960s, U.S. industry dominated
world markets in manufactured gcods. But by the 1980s, the com-
mercial success of Japanese and European consumer and high tech-
nology products caused many U.S. firms to lose significant share in
both international and domestic markets.

The success of foreign companies has been due less to their being
first to market with rew products than to offering the most reli-
able version- of a product with the features that are most in
demand and at a competitive price. Consumers, who have come to
expect products having no defects and high reliability, have re-
warded companies that excel in making incremental improvements
to products at a faster pace and at a lower cost than their rivals.

Our economic competitors have made effective uses of advances
in manufacturing and engineering design to gain an advantage in
the international marketplace, but U.S. industry has been slow to
embrace manufacturing innovations. Contributing to this problem
has been the failure of American universities adequately to pre-
pare engineers with skills in advanced manufacturing and design.
Research in these fields has also been largely neglected by univer-
sities and there has been a tendency on the part of industry to
ignore even that research which is carried out.

The studies of the National Research Council conclude that
major reforms are needed in engineering education. Both reports
stress the important interdisciplinary aspect of instruction in
design and manufacturing and the importance of closer connec-
tions between engineering schools and industry.

Q.
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To make major changes, engineering faculty will need to devote
significant time and intellectual effort to the development of cur-
ricular materials and new teaching techniques. Since the current
faculty reward system mainly values research accomplishment and
success at generating grant support, one of the questions that we
will be asking this morning is whether engineering faculty can be
expected to support the effort that will be needed to institute major
and sweeping changes in engineering education.

The NRC studies also present specific research priorities in engi-
neering design and in five critical areas of manufacturing. We have
asked the witnesses to comment on how changes in Federal plans
and programs at agencies such as the National Science Foundation
that will be needed in order appropriately to address these recom-
mendations.

The connection between cutting-edge capabilities in manufactur-
ing and societal well-being is so direct that it is difficult to imagine
a atronger candidate for Federal support than the field that we are
addressing this morning. The deficiencies in research and educa-
tion in engineering design and manufacturing that have been
birought to light argue for immediate and effective remedies. In
consequence, we will seek from our witnesses today assessments of
whether the resources currently planned for this task by the Na-
tional Science Foundation and other agencies are adequate and
whether the focus of current and planned research and education
programs is properly targeted.

e welcome our witnesses this morning. We will look forward to
your testimony on this important subject. And before calling on
this first panel, I would like now to recognize the ranking Republi-
can member of the subcommittee, the gentleman from California,
Mr. Packard.

Mr. Packarp. Thank you, Mr. Chairman.

The connection between advanced manufacturing and U.S. com-
petitiveness is undeniable. We need only to look to the successes of
our international competitors, especially the Japanese and the Eu-
ropeans, to verify this critical link.

To compete in the world market and excel as we did in the post-
World War II era, the U.S. must develop advanced manufacturing
technologies and educate the future work force that will utilize
such technologies.

There is a growing awareness of the importance of manufactur-
ing and engineering design research in the U.S. Today we will
review two recent reports by the National Research Council on the
state of research and education in this area. We will also look at
current NSF programs to improve manufacturing design education
and research as well as the new programs focusing on advanced
manufacturing which has been proposed in the fiscal year 1993
budget request.

This hearing provides an excellent opportunit{ to review the rec-
ommendations of the National Research Council and the programs
at the NSF.

I welcome the witnesses and look forward to a very productive
session.

Thank you very much, Mr. Chairman.

Mr. BoucHgR. The Chair thanks the gentleman.
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The gentleman from Oregon, Mr. Kopetski.
Mr. KoreTski. Thank you, Mr. Chairman. I do not have an open-

ing statement.
[The prepared opening statement of Mr. Costello follows:]
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MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. i AM PLEASED
TO BE HERE TO DISCUSS THE IMPORTANT TOPIC OF MANUFACTURING
RESEARCH AND EDUCATION. I WOULD LIKE TO TAKE THIS OPPORTUNITY
TO WELCOME OUR EXPERT PANEL OF WITNESSES. I AM LOOKING FORWARD
TO HEARING THEIR TESTIMONY.

WE KNOW, FROM THE POST WORLD WAR II PERIOD UNTIL THE 1960S, U.S.

INDUSTRY DOMINATED WORLD MARKETS IN MANUFACTURED GOODS.

HOWEVER, BY THE 1930S, THE COMMERCIAL SUCCESS OF JAPANESE AND
ETJROPE?y CONSUMER AND INDUSTRIAL HIGH-TECH PRODUCTS CAUSED
NUMEROUS FIRMS IN THE UNITED STATES TO LOSE SIGNIFICART DOMESTIC
MARKET SHARE. IT IS MY UNDERSTANDING THAT A REASON FOR THIS

DECLINE IN U.S. MANUFACTURING IS INFERIOR QUALITY ENGINEERING
DESIGN.

I AM INTERESTED IN ADDRESSING TODAY THE DEFICIENCIES IN THE
TRAINING OF AMERICAN ENGINEERS. I AM INTERESTED IN HEARING THE
RECOMMENDATIONS THE PANEL HAS FOR STRENGTHENING MANUFACTURING
AND ENGINEERING DESIGN RESEARCH AND EDUCATION AT U.S.
UNIVERSITIES.

THIS STATIONERY PRIs LD ON PAPER MADE OF RECYCLID THRIAS




AGAIN, MR. CHAIRMAN, THANK YOU FOR CALLING THIS HEARING. I AN

LOOKING FORWARD TO AN INSIGHTFUL DISCUSSION OF OUR NATION’S
NEEDS IN THE AREAS OF MANUFACTURING RESEARCH AND EDUCATION.
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Mr. Boucher. We would now like to welcome our first panel of
witnesses:

Dr.+J.B. Jones, the Co-Chairman of the Committee on Engineer-
ing Design Theory and Methodology for the National Research
Council and, I am pleased to say, a distinguished professor of engi-
neering at Virginia Tech, which is located in the Chair’s congres-
sional district.

Mr. Gary Markovits, member of the Panel on Rapid Product Re-
alization Process, Committee on Analysis of Research Directions
and Needs in U.S. Manufacturing, of the National Research Coun-
cil.

And Dr. George Dieter Engineering Deans’ Council of the Ameri-
can Society for Engineering Education, also Dean of Engineering at
the University of Maryland.

Without objection, your prepared statements will be made a part
of the record, and we would welcome your oral summaries.

Dr. Jones, we will begin with you this morning.

STATEMENTS OF DR. J.B. JONES, COCHAIRMAN, COMMITTEE ON
ENGINEERING DESIGN THEORY AND METHODOLOGY, NATION-
AL RESEARCH COUNCIL, AND RANDOLPH PROFESSOR EMERI-
TUS, DEPARTMENT OF MECHANICAL ENGINEERING, VIRGINIA
POLYTECHNIC INSTITUTE AND STATE UNIVERSITY, BLACKS-
BURG, VA: GARY MARKOVITS, MEMBER, PANEL ON RAPID
PRODUCT REALIZATION PROCESS, COMMITTEE ON ANALYSIS
OF RESEARCH DIRECTIONS AND NEEDS IN U.S. MANUFACTUR.
ING, NATIONAL RESEARCH COUNCIL, AND VICE PRESIDENT,
SAVANT SOLUTIONS CO, WAPPINGERS FALLS, NY; DR. GEORGE E.
DIETER, ENGINEERING DEANS’ COUNCIL, AMERICAN SOCIETY
FOR ENGINEERING EDUCATION, AND DEAN OF ENGINEERING,
UNIVERSITY OF MARYLAND, COLLEGE PARK, MD

Dr. JonEgs. Thank you, Mr. Chairman.

Mr. Chairman, members of the subcommittee, 1 appreciate
having the opportunity to testify here and to point out just some of
the key findings of this report of the NRC, “Improving Engineering
Design: or Designing for Competitive Advantage.”

It is well-known now that manufacturing competitiveness, clear-
ly a key to economic vitality of the Nation, depends on three things
in products: first, high quality; low cost; and timeliness to market.

Now, engineering design is critically important for all three of
these, and it has a very high leverage on them. You cannot manu-
facture quality inte a product or inspect it in or test it in. It has to
be designed in. Over 70 percent of the total final cost of a product
is committed-—determined-—during the design phase. And likewise,

tl}lle time to market is essertially established during the design
phase,

The best design practices, though, are not widely used in Ameri-
can industry. Those firms that do succeed very broadly, though,
always do certain things well, and one of these is to use advanced
design practices. These advanced design practices require a steady
infusion of new knowledge, and this knowledge can only be provid-
ed by research and education.
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Design education in this country is broken. Despite the great
strengths of engineering education in many aspects, typically the
engineering design part is weak. This has been noted more and
more frequently recently in print by leaders from industry as well
as some academics. Now the initiative for improving design educa-
tion lies with the schools, no question about it, and the report does
spell out several steps that need to be taken.

The need for design research comes from this fact. Surprisingly,
we do not know how best to design for certain goals: design for
manufacturing, design for assembly, design for field repair, design
for the environment, which is becoming more important. We need
new knowledge, and it will not come fast enough as a spin-off from
ongoing design activities. Also, if you depend on the practices that
are developed by other companies, especially competitors, you are
guaranteeing that your firm will never be a leader.

Therefore, intense focused research in engineering design is
needed to develop the new knowledge, and the report presents
whatdaI think is a ratner well-thought-out, structured research
agenda.

The general reaction to the report has been quite favorable. It
has been commented on widely in the engineering literature.
Entire sessions of engineering meetings have been devoted to it.
And, in fact, there are some entire conferences that are taking as
the theme of the conference this report.

There are a number of recommendations. I am going to touch on
only three of them. One of them is a recommendation that NSF
should propose and Congress should fund an initiative in engineer-
ing design to support a large increase in design research and a
greatly increased interaction between univarsities and industries.
Although design is usually coupled with manufacturing, there are
great needs for improving the engineering design process itself.
Therefore, the 1ecommended initiative should not be subsumed
under some other heading such as “Manufacturing.”

What should be done? The research that we recommend is
spelled out in the research agenda in the report. Funding would
gtart at, initially, $6 million, increase so that in 4 or 5 miilion—4
or 5 years it would be at a level of $20 million annually. Now,
these figures were arrived at by carefully studying both the need
for design research results in industry and the design research ca-
pability in the country.

Engineering design research in this country has been neglected
for many years. At the same time, design practice, the high-lever-
age key to manufacturing productivity, urgently needs the revital-
ization that the research results can provide. So you put these two
things together and the impact of these relatively small sums of
money can be enormous. No other investment of this size has the
potential to increase competitiveness and thereby provide more
jobs across the manufacturing industries.

The design research supported by this initiative should require
two things a little bit different from the normal academic research.
One is there must close, long-term interactions with industrial
firms in defining research topics and strategies and in evaluating
results. And secondly, there must be prompt publication of these
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results where they count, in periodicals that are read by design en-
gineers in industry, not just in the scholarly journals.

Now NSF generally does a very good job, so no suggestion is
made for changing its general approach or goals. The initiative for
engineering design is intended to establish a sound basis for a new
area of research vital to the Nation’s mid-term and long-term eco-
nomic growth.

I will mention just briefly two other recommendations. One is for
a National Consortium for Engineering Design to perform several
functions. The committee studied this, conceived several models for
its organization, and decided the best thing to do is make an in-
depth evaluation before moving. So the recommendation is that the
Department of Commerce and the National Science Foundation
jointly, with the assistance of people from industry and academia,
study the possible structuring and operation of such a consortium.

The final recommendation I will mention is one for a Design
Education Clearinghouse. Although the improvement in design
education needs to come chiefly from the institutions themselves, a
good deal of help can accelerate that process. So we do recommend
the formation of a clearinghouse, not as a permanent organiza-
tion—perhaps as something that might be taken over by the con-
sortium, if it is formed—but rather something that over the next
few years would accelerate the improvement of design education.

The report makes several other recommendations, but the NSF
initiative for engineering design is the most urgent of these. It can

clearly provide the basis for improved manufacturing competitive-
ness of American industry.

I thank you very much, and I would be happy to address any
questions.

[The prepared statement of Dr. Jones follows:]
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Mr. Chairman and Members of the Subcommittes:

Thank you for the opportunity to testify on oengineering design research and
education and to highlight the findings of the National Research Councii report,
Improving Engineering Design: Designing for Competitive Adventage ‘

Manufacturing compaetitivensss, which is a key to national ecanomic vitality
requires In products (1) high quality, (2) low delivered cost, and (3) timeliness to
market.

Engineering design is critically important 1o and has & very high leverage on
all three of thess elements. Quallty cannot be manufactured In, Inspected in, or
testad in; it must be designed In. More than 70 percent of the tota! delivered cost of
& product Is committed during the design phase. Likewise, tme-to-market is largely
determined by design. Stifl, the crucial role of design as part of the tota!
manufacturing enterprise is sometimes missed because paecpie see only the readily
visible part; that is, the part that occurs an the factory floor. Most of the production
costs are incurred during the factory operations, but how much money is spent and
how efectively it is used !s determined during the engineering design.

The National Research Council report, Improving Engineering Design:
Designing for Competitive Advantege (National Academy Press, 1991), addresses the
state of enginsering design practice, education, and research in thie country.

Qverview of report, Imoroving Engineering Design

- Dusign Practice. A clesr finding of the report is that the best design practices
are nat viidely used In American industry. Those firms that are broadly successtul
always do the following four things weil: (1) They commit to continuous improvement
of products and also of design and production processes. (2) They establish a
corporate product realization process (PRF) supported by top management. (3) They
develop and/or adopt and integrate advanced design practices into the PRP. (4)
They create a supportive design environment. These stepe &l bear on design, and

daing thon-\woll requires & continual supply of new knowledge that can be provided
by ressarchiand education.

The product realization process (PRP) that is mentioned frequently in the
report is the overell process by which new and improved products are brought to
market and supported. It includes determining customer needs, designing products,

1
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Jesigning oroduction and suppart processes, and carrying out those processss.
The PRP lg the means fo- bringing the talent of all the peapie in the firm to bear on
cor'nual product improvement. The PRP is known by different names in various
£rms. Dut those that use desigr successtuily ali have some process of thie sort.

Somatimes, the term "Manufacturing® Is used 'c refer to the entire PRP,
ncluding design. . At other times, “manufacturing" refers only to that pat of the PRP
that occurs on 8 factory ficor. This double usage causes confusion. Moreover, It
can distract attention from the critical and high-leverage function of design liseit.
Design practice must be Improvad in vitrious ways, including some that are not
clossiy coupled to manufacturing.

Design Education Undergraduate and greduate enginesring education is the
foundation for.successfu! practice, effective teaching, and relevant ressarch In
engineering design. Despite great strengths in mary oreas, engineering education is
typically weak in design. Leaders in industry as well as some acxiemics are making
this point in the engineering Iterature with increasing frequency.

The Inltiative for improving design education lles clearty with educational
institutions. Such Improvement will require: recognition of the deficiencies of design
education, strong high-level leadership in establishing goals for desigr: education,
development of metrics 1o measure progrees, increased interaction between
industrial firms and scademia; and extensive tralning programs for design teachers.
The report makes severs! ecommendations for improving engineering design
education.

Design Messargh. Surprisingly, we do not know how best to design for many
needs: deeign for assembly, for manutacturing, for maintainebiilty, for fleld repair, for
the environment. We need new knewiedge. It will not come rapidly snough s a
spin-oft frein ongoing design activities, and: using design methods deveioped by
athern relegates & fem siways to. & trailing position. Intense focused ressarch is
neediec 2 develop the new knowledge. The.report presents & structured research
agenda.

The repcrt makes recommaendations In all three 'qron: practice, education,
and research. t will outline sonie of thess iater.

;e
Lo
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Responee to the report

The report has been commented on widely In the englneering literature and
has beasn the subject of numerous articies. Sesslons at enginesring meetings have
nesn devotsd tc it, and it has baen chosen as the theme of entire conferences. Two
of the series of sataliite televisicr courses presented Dy the Nationa! Technologlical
University have teen largely basad on the work. Members of the committes that
prepared the report have spoken on it at several universities and professional society
meetings.

Reactions of ndustrial rapresantatives, engineering educators, and design
researchers have been highly favorable. Many have stated their intentions to
implement various recommandations of the report. 1t is too early to judge the extent
of implementation.

Recommendations
1. Initietive for Engineering Design

NSF should propose and Congress shouid fund ar Initiative for Engineering
Design to support both & large Increase in design research and greatly increased
university-industry interaction In enginsering design.

Although design must usualiy be closely coupled with manutacturing, there
are great ngeds for research In improving the design process itself. Therefore, the
rgcommended Initiative should address those negds and not be subsumed under
some broader heading of which design is only a part.

Funding shouid start at $8 million for the first year and Increase to a level of
$20 milllon annually In five years. These figures were arrived at by carefully studying
both the needs for design research and the design research capabliity in the
country. (For comparison, although support for research in enginesring design is
net spelled out clearly in the current NSF budget, it appears that expenditures for
such research are currently less than $1.5 miillon, down from approximately $3.4
milllon three years ago.)

Engineering design research in this country has been neg'ected for many
yoars. At the same time, design practice -- the high-lsverage key to manufacturing

16
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competitivensss - urgently neecls the revitalization that research resuits can provide.
Corsaquently, the impact of these rgiatively small sums of money can be great. No
sther invesiment of this size has the potentisi to inCrease competitivenees and
tereDy provide more jobs across the spectrum of manufacturing industries.

Dasign research clearly requires such an Initiative. it will be exceedingly
Jifreult, if rot impossible, for NSF, the logica! funding agency for this research, to
allccate substantial funds from its regular budgst for this purpose. various NSF
constitugncies will not willingly accept tunding cuts in their areas, und the "proposal
pressure” that drives scme reailocations s unilkely to be strong in an area having &
short history and limited past funding.

The cesign rasearch supported by thig initiative should require

(1) close, long-term interactions with industrial firms in defining research topics
and strategies and in evaluating resuits,

(2) prompt publication of resuits in periodicals widely read by design
enginasrs In indusiry, not just In gscholarly journals.

i_sadership of the engineering design program within NSF should be provided
by persornal identified with enginesring design.

NSF provides strong leadership In & number of ressarch areas, and no
guggestien is made for changing NS='s general spproach or goale. The Inltiative for
Enginearing Design is intended to establish a sound basis for & new area of research
vital to the nation’'s mid-term and long-term economic growth,

2. National Coneortium for Enginesring Design {NCED)

The NRC report discusses the creation of & Nationa! Consortium for
Eng'nesring Design for saveral purposes, Including

+ gathering and disseminating Information on intemational best engineering
design practices;

e transferring existing and new design knowiedge, especially in the form of
sohware, Into industry and scademe,

1
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* performing pre.-competitive ressarch to Improve design meizods and tools;

* promoting industry-university-government coliaboration In reecarch and
education.

The committes studied possible models of such an organization and
concluded that an in-depth evaluation of ssveral aiternatives should precede the
formation of & consortium. The Departmisnt of Commerce and: the Nationa! Science
Fourdation, with the assistance of industrial and” academic representstives, should
jointly study the possible structuring and operation of such & National Cansortium for
Enginesring Design.

3,  Design Education Clearinghouse
Although improvement in engineering-design education must be initiated by

educationa! institutione, their efforts would be much faciiitated in the short tarm by a.
design education durlnghouu that would

+ collect lnfomlﬂon on best design prnetlcn and ressarch woridwide;

* faclitate the synthesis of this material into textbooks, problem sets, case
studies, descriptions of modern design theory and practics, video tapes, computer
software. course outiines; and candidate curriculs;

* publish reviews of design ressarch, teaching methods, and software toois;
* facliitate the adoption of standards for use in design.

The Clearinghouse is not ‘envisioned s & permanent organization, and its
functions might well be absorbed by the National Consortium for Enginesring Dulgn
it the Consortium la esiablished.

The report, Improving Enginesring Design, makes.several other
recommendations, but | have outlined here only those. directed to Federal agencise.
The NSF intiative for Enginesring Design le the most urgent of thess. it clearty. can
provide thc basls for Improved manufacturing compatitivenees of Amoﬂun firms,

This concludes my statemsnt, and | would be plessed to address any
questions you mey- have,
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Mr. BoucHeR. Thank you, Dr. Jones. We will have questions.
First, we will hear from the other two panel members.

Mr. Markovits, we will be pleased to proceed with your testimo-
ny.

Mr. Marxovrts. Good morning, Mr. Chairman, and members of
the subcommittee. Thank you for the opportunity to report to you
on the resuits of the Committee on Research Directions and Needs
for U.S. Manufacturing.

The committee tried to consider four to five areas of advanced
manufacturing technology, and we had three criteria in selecting
those areas. Number one, the area had to have widespread benefit
to multiple industrial applications. Two, it had to promote funda-
mental change in the management practices and culture, because
we don’t believe that we are going to achieve the maximum bene-
fits in terms of productivity and yield without those changes ac-
companying the hard science changes. And three, any projects that
were recommended on the basis of these areas had to expand the
scientific research relevant to manufacturing processes and prob-
lems, and had to take an interdisciplinary approach and encourage
more rapport between researchers and practitioners. It had to
llqreak down the walls between academia and the manufacturing
ine,

There were four technical areas that were, and they are four
areas that we recommend that more research be done in. One is
rapid product realization, the processes and practices that will help
this country and its manufacturing companies deliver more prod-
ucts, more innovative products, higher quality products in a short-
er period of time.

The second one was intelligent manufacturing control. More and
more as we look to the future and we look at what our products
look like they have a higher and higher intellectual content. More
and more information is required to manufacture those. intelligent
manufacturing control is the sensor technology and other advanced
manufacturing technology which basically provides the autonomic
nervous system of your manufacturing line. It will provide us with
all of the information that we need to understand what it is we are
actually producing and how we are producing it.

The third area that we chose was equipment reliability and
maintenance. It is very important that if you are going to take and
transfer the factory into a learning organization that you have as
stable an organization as possible. To get those high quality yields,
to get as many learning cycles as we can out of our manufacturing
organizations, we need to have stable, reliable equipment.

And the fourth technical area that we chose was advanced engi-
neered materials. We believe that in the future advanced engineer-
ing materials will provide properties far beyond anything that we
could imagine today that will enable us to enter marketplaces that
we’ve never even dreamed of.

Finally, when we got done selecting the four technical areas we
chose one more area which we thought was really the foundation
and underpinning of all the others, and that was manufacturing
skills improvement. Our feeling today is that the work force that
we have is inadequately prepared to participate in the advanced
manufacturing technology lines of the future.

- N

3
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In fact, if we were to characterize the transformation, what we
think should happen is that manufacturing has to go from a craft
to a science as our iroducts have greater and greater intellectual
content. You can pick on any product you want to lcok at, whether
it be the Boeing 777 or if you look at something iike Intel’s I-486,
all these have much higher intellectual content than products of
the past. We have to have a better prepared work force. The impli-
cation is that they have to be skilled in multiple disciplines and at
a much higher level than they are today.

You know there was a report in the Economist that said a
sample of 20-year-olds, said 60 percent of those 20-year-olds could
not add a lunch bill. Sixty percent of themn cannot read a road map.
You can’t have that. In IBM where I've done some work what we
found was that the level of education that we needed for the tech-
nicians on a semiconductor line has risen from a high school gradu-
ate equivalent to the equivalent of a second-year degree. So the
implication is that we must raise the level of education.

And it’s important. Because if you take a look at an advanced
manufacturing technology it's going to have a tremendous impact
upon us. I think that before Mr. Boucher or Mr. Packard talked
about the comparison between our industries and the Japanese in-
dustries. If you just pick one, if you just pick metalworking, you
will find that with the advanced manufacturing :'echnolo% that
the Japanese use in metalworking that they have only one-fifth the
labnr required, one-half the number of machines required that we
require in the U.S,, they have 20 percent higher utilization of their
machines, they have almost 100 percent delivery on time, and they
have less than 2 percent unscheduled down time, and their quality
is tremendous, as you noted before.

Advanced manufacturing technology makes the difference, and it
makes the old modes of manufacturing obsolete and it makes the
old education obsolete. In fact, the paradigm shift that has to
happen is we have to look at the manufacturing line as a learning
organism. And I think that when we introduced Taylorism in the
1800s we went and actually eliminated learning for new manufac-
turing lines. We said, “We’re going to break these jobs down into
such small sections that anyone can do it,” and that was fine when
we had to integrate a lot of immigrants—we had to integrate a lot
of immigrants into our manufacturing line. But that is not the di-
rection we need for tomorrow.

Successful organizations will be total learning organizations, and
learning will occur at every step in the product life cycle from con-
ception to consumption. The factory, as well as the R&D depart-
ment, has to be involved in that learning.

Along the way, as was mentioned, measurements are very, very
key. You mentioned that the measurement system drives people in
the universities to go after grants. Well, the measurement system
that we have today in manufacturing is really a remnant from the
19th century and is aimed primarily at financial measures. We
have to do studies to understand how we put in place measure-
ments that are going to address skills, competencies, the value of a
company's technology, how it uses time, what’s the company’s
learning cycle and how rapidly can it learn. Because as quickly as
a company can leain, that's how it’s going to make those incremen-
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tal improvements that you were talking about, Mr. Packard, that
will make-—leading to higher quality, better products that custom-
ers are going to buy more frequently, and that’s the strength in the
manufacturing organization.

Steps for change: I think (1) that we have to restructure the orga-
nization to support learning and experimentation in the factory—
this is the factory es a laboratory idea; and (2) we have to develcp
new methods of performance measurements and process life-cycle
costing.

Now, in the report that the committee generated, “The Competi-
tive Edge”—it's documented in this book here—there are many
recommendations as far as detailed research to be done in things
like sensor technology and adaptive knowledge bases. I won’t go
into those in detail. You can read those in the book.

But what I would like to say is, I would like to close and talk
ahout the character of how that research has to be conducted.
There has to be both a fundamental change in the methods and not
only just the kinds of research. The typical laboratory experiment
that's concerned with absorbing a piece of the system is done in a
very controlled environment. The notion of control itself is of con-
cern in the factory, and the performance of an integrated produc-
tion system can only be evaluated by observing the system as a
whole in the factory. And so what I implore you to do is when you
fund your research the research should be such that it is deeply
intertwined with and works with the factories. It shouldn’t be re-
search that’s done somewhere in academia in isolation. It should .
support a close rapport between the academicians and between the
manufacturing practitioners.

Thank you.

{The prepared statement of Mr. Markovits follows:]
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Goals

The Committee on Research Directions and needs in U.S. Manufacturing was chaired
by Dr. Cyril M. (Sonny) Pierce of GE Aircraft Engines. The goals of the committee
were to:

o Identify and Prioritize Manufacturing-Related Technologies to Produce a
Corprehensive National Research Agenda.

o Conduct a Series of In-Depth Analyses of Some of the Technologies and
disciplines in that Agenda.

Criteria and Agenda

Te ‘ocus committee efforts, three criteria were applied to select the technologies for
in-Gepth analysis.

- The technology must have wide benefits across multiple industrial
applications and provide capabilities or experience that can lead to broad
improvements in manufacturing operations ard competitiveness.

The technologies should promote fundamental change in management
practices and culture to achieve maximum benefits.

Any recommended project should expand scientific research relevant to
manufacturing processes and problems, take an interdisciplinary approach,
and encourage closer rapport between sesearchers and practitioners.

The four advanced manufacturing technology areas selected were:

- Rapid Product Realization Process,

- Intelligent Manufacturing Control,

Committee on Scionce, Space and Technology May 12, 1992
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- Equipment Reliability and Maintenance,
- Advanced Fagineered Materials.

Because of the importance of an educated work force to manufacturing
competitiveness, a fifth special area was examined:

- Manufacturing Skills Improvement.

The five areas span the spectrum of people, processes, product, machines, organization
andinfmﬁmﬂmisaowﬁalbncanpue'sym'win;ofﬂn
problems facing American manufacturing competitiveness. A pane! of experts for each
area was asked to assess the current state of the art and research needs 10 meet
long-term objectives.

Eavircoament

Today's manufacturing environment is vastly different from that which America knew,
and dominated, only a few decades ago. Botk markets and competitors have become
global, mmqunwmmmm.mwwdm,mem
facts of life,

Pmdmandmhvebwomepmofaclowdm,wbuemdmhve
t0 be as concerned with the 3uccess of their cusiomer as with the success of their

product. mmwﬂm'm'dﬁnﬁuwﬂlbeahyhmtin
tomorrow’s competitive advantage.

Craft te Sclance

Ithinﬂisﬁ;uulhe_mmimefedsm&mwindepuﬂm
manufacturing movisg from a craft %o a science.

May 12, 1992
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Implications for Workforce

One implication is that manufacturing will require a work force possessing
multi-disciplinary skills of a much higher order. The committee is concemed that
today’s educational system is not producing sufficient numbers of graduates possessing
such skills. This was the impetus for adding the fifth special area, "Manufacturing
Skills Improvement®, and is the focus of several recommendations for NSF research.

Learning Organizations

In the last century Taylorism was introduced into the American manufacturing system
as a means of absorbing thousands of non-English-speaking immigrants from largely
agrarian societies. While highly successful at the time, its legacy has been to climinate
learning from the American factory. In the classical hierarchical American firm,
leaming is the domain of the research and development organizations. Factories are
for "doing", not leaming.

Successful organizations will be total "learning organisms®. Leaming will occur at
every step in the product life<cycle, from conception to consumption, in the factory as
well as the R&D department.

Soft and Hard Science

While the firms that succeed will be characterized by advanced manufacturing
technology that integrates their people, processes, and products, the committee wants
to emphasize that "hard” science or technology alone will not suffice. Advanced
manufacturing technology will seldom yield the anticipated flexibility and productivity,
unless corresponding changes are made in the organization. Basic changes must be
made in the processes, structure, and attitudes that are common in engineering
management. In engineering, manufacturers must strive to improve interaction among
design engineers, production engineers, and marketers. Managers need to reevaluate
common management practices and tools, such as accounting methods, investment
criteria, inter- and intra-firm cooperation, and relationsh:ps with customers, to ensure

Committec on Science, Space and Technology May 12, 1992
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that all the firm's resources, including manufacturing, constantly are driven to
improvement.

Information, Integration & Intelligence

The committee considered four specific technical domains; Rapid Product Realization,
Advanced Engincered Materials, Intelligent Manufacturing Control, and Equipment
Reliability and Maintenance. It identified an advanced manufacturing techmology
paradigm common to all four domains -- information, integrated with business
functions, achieves various forms of intelligence which are the source of competitive
advantage. ’

Intelligent manufacturing control technology establishes the “central nervous system” of

- the corporation, providing information on the state of the product, process, people, and

equipment. Combined with information on the business strategy, product design,
markets and- costs, the appropriate business functions derive the intelligence from the
relations between these data-that generate a comratitive advantage.

Bellefs, Values, Goals & Skills

The same paradigm applies to “Manufacturing Skills Improvements®. Career esteem,
basic literacy, management skills, communications, teamwork, and group dynamics are
all forms of information that, when integrated through the proper business functions,
become the foundation of a highly adaptive work force. Such a work force will be
capable of operating in the compiex human-machine cooperative systems environment
that will typify advanced manufacturing.

The commitiee believes current value systems, implicit in the measures of
performance, are inappropriate. Devised in the nineteenth century, these primarily
financial measures are incapable of assessing skills and.competence levels of a
caponﬁb\n,dnnhﬁvecﬁecﬁwoﬁnuchmhgy,ﬂnvﬂueofhowwmmd
through odntinual refinement of its products and processes, its use and conservation of
time, or the long term impact of rapid learning-cycles. Increasingly, the product of

Comenities oa Science, Spece aad Technology May 12, 1992
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manufacturing is knowledge. Advanced manufacturing technology will accelerate this
trend.

Products are no longer simply discrete physical objects; they are that and all of the
people, processes, and information that surround them from conception to
consumption. Boeing’s 777 will be designed, built, tested, marketed, and sold as
much in the form of a "product image®, in the "meta-factory” of the computer’s
information plane, as in the real physical world. Intel’s 486 micro-processor is &
product that is almost pure knowledge. In fact, its value can only be realized in the
information plane, its few grams of silicon having almost no value when separated
from the information systems it powers.

How measurement systems value such capabilities will profoundly influence the rate of
progress of American manufacturing competitiveness. If we fail to value and fund our
ability to manufacture new knowledge, to develop the “learning organization" and the
“teaching factory”, Amsrican manufacturing will almost certainly loose its competitive
edge.

Steps for Changing

The committee believes the barriers to manufacturing competitiveness are not
insurmountable. To use the enormous amount of information that is awilable to
achieve integration and intelligence in the factory, however, it will be necessary (1) to
restructure the organization to support leaming and experimentation in the factory (the
notion of the factory as laboratory), and (2) to develop new methods of performance
measurement and process/lifecycle costing that will enable management to evaluate
problems, process improvements, resource utilization, and production management in
economic terms. Some industries are already moving on these fronts.

Recommendations
The recommendations of the five panels reporting to the committes can be categorized

into domain specific research recommendations, and those related to education and
leamning for the workforce, management and the organization.

Committee on Scienoe, Space snd Technology 6 May 12, 1992
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In domain specific categories, the panels’ recommendations include research in:
Developing technique-oriented communication standards,

Sensor technology for data integration, pattern recognition, and actionable
models,

Adaptive knowledge bases of design, manufacturing, and management,

Dynamic models of manufacturing,

Use of human-machine interface to facilitate leamning

Integration of processing methods into design and development of new
materials,

Integration of materials-specific issues in manufacturing paradigms,

Definition and devclopment of standards for intelligent product images,

Requisite connections between product, process, and factory images.
Recommendations related to education and leaming include research in:

Basic literacy,

General engineering knowledge and communication, team, and group
dynamic skills,

Cultivation of apprenticable and job-specific skills in the workplace,

The factory as a laboratory,

Committee on Science, Space and Technology
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- Knowledge-based organizational structures,

- Performance measurements. .
Implicit in the research topics identified by the panels is a need for fundamental change
in both methods and kinds of research. The typical laboratory experiment is concemed
with observing a piece of a system. The notion of control, taken for granted in the
laboratory, is itself the object of experimentation in the factory. The performance of
an integrated production system can only be evaluated by observing the system as 2
whole in the factory.

The fzctory as laboratory is the new research imperative. It implies new ways of
doing research, new forms of collaboration across functions and enginecting
disciplines, and cooperation between academic scientists and industrial practitioners.
Therefore, development of an architecture for leaming is critical. How to sponsor and
promote thie needed new forms of research is 2 fundamental question that must be
addressed.

Close

I would like to thank the chairman and members of the Subcommittee on Science for
this opportunity today. I hope my explanation of the work and recommendations of
the Committee on Analysis of Research Directions and Needs in U.S. Manufacturing,
sponsored by the National Research Council, has clarified the issucs and will aid you
in making informed decisions on future research and curriculam development in
manufacturing and engineering design.

Sincerely,

Gary Markovits

Attachment: Chapter 1 - Overview, from The Competitive Edee: Research Priorities
for U.S, Manufacturing.

Commitice on Science, Space and Technology
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Executive Summary

&ﬁmgwnhzmmmdmwmmtm&
iuﬁmwmltiseai-edxhummammofmﬁifecycum
of & product is determined during design. Effective engincering design, as
meforeiprmsapedmymdaoumwd.cuinmqwity.m
duce costs, and speed time 10 market, thereby betser hisg prodects 1o
customer needs. Effective design is also a presequisite for effective many-
facturing, Impeoving the practice of engineering design in U.S, firms is
hmﬁdnwmﬂmioﬂmpﬁnim

uum,mmmdwmhmum
smhm.mmwupm“mvﬂdywh
Us.mm.ummmuaudmgwmhmmz
mﬁmmhd&mwlmwmm
mdmmmmmm-hmm
mmum—mmnmmmumm
the needs of the others. Eagineering curricula focus on a few conventional
duippmcetmmlcm-onmemmddimym.m
industry’s efforts 10 weach cagineering
uﬁumammmumhummu
bqu.buhmwdlmehuwimmemﬁduatcopeolduipm-
tice, and rescarch results are not effectively disseminased 10 indastrial firms.
quy.ﬂnus.mmumindm by of enginoer:
daipap.biﬁﬁamheofwiw.

This sue of affairs virtually guarantees the continued decline of U.s.
competitiveness, T'vmmhmdwiumqnheacomplwmjuvemﬂon
of engineering design peactice, education, and h, involving intense
cooperation among industrial firms, universities, and governmeat.
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DESIGNING FOR COMPETITIVE ADVANTAGE

To use design effectively as a tool for turming business straregy intd
effective products, a firm must (1) commit to coatiasous improvement both
dmudaﬁpnﬂwmmmmﬂhnm
peodact cealization process (PRF) supporied by Lop mansgement, (3) develop
mmuhmummmmmum'w«)
coease & supportive design cavironment.

Convesting %0 operation usder the discipline of 8 PRP is not easy. Often,
mpbemninﬁuﬁuwpwmmdldmﬁcchlpinme
way of doing business are required. An effective PRP geaerally incorpo-
raes the following sieps: defise customer necds and prodact pesformance
xeqnhmn:p’.uforpmdumkuioubeywdtbzmdeﬁp:pln
oucmuﬂyfotdeﬁnud-udxminz:deﬁnmepm-dhs
-Mupwmﬁum«mmmm
and prodece the product asd monizor product and p

The PRP is a firm's strategy for product excelleace and comtinuoas im-
pe ar; design practices are is tactics. Bocsuse not all practices are
awﬁaﬂzwumfﬂmlhaﬁpofnﬁmmwmmymm
mﬁ“yﬁeﬂynmmwiuwhswudinmlh-inwiu
PRP. Practices (such as Taguchi methods) and tools (such as CAD and
cmnuunuyinwmmmummuunmm-
minimal effect. Compeaics must slso develop mesas of axsimilating new
m-mnmwm-dmwm
affactive practices are being improved and evea seperseded.

Mphnawnwﬁmudwammwum
difficult 10 meatare, predict, and direct. An understaadisg of the design
task and the characteristics and noods of peopie who design effectively is
esesniial 10 the creation of a stimulating aad nurtering design eaviroament.

IMPROVING ENGINEERING DESIGN EDUCATION

graduste cagineering

seccessful practice, effective teaching, and relevant reseacch in eaginecring
design. The current stase of that foundation is attesied 1o by employers who
find recsnt engineering gradustes 10 be weak in design. Reasons for the
inadequacy of wadergraduste eagineesing design cducation include: weak
requirements for design content in engineering curricula (many ingtitutions
40 ROt meet even existing accreditation criteria); lack of truly iaterdiscipli-
nary teams in design courses; and fragmented, discipline-specific, and

dinated teaching. Of the jculs that have stroag desiga compo-
neats, few consider state-of-the-art design methodologies.

B
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SXNCUTIVE SUMMARY 3

Mmdnplymfewm;mwmmfm;umn
ign methodologies 2ad research 10 produce the qualified graduates noeded
by both indostry and acad Limited funding for design research impaics
&equ&ydmmhaipﬂm&emdm
studeats in the field that can be supporsed. Evea the stronger programs
mdyivdwhuyupuiumghmﬂehﬁhaum&dm

design practice,
Significant improvement in engineeri ign is wadikely without strong,
with a broad base of coticagues

fmhcelﬁnifmmmuimadinﬁwm
The initistive for i dinte impr of design edocation asd for

poasibility for the probk aad blame insead the “sysiem,”
must take the lead if it is 10 change, To improve
ing design in umiversities
design

mnwhmwmu.mdﬁnﬂb

muimﬁxy-indmyooopmﬂo-hdmnm A mational
mmwmmmwuudm

twultywwakininduny.aidiuuimﬁﬁuh
@;mmmmumu-ahm

A NATIONAL AGEND FOR ENGINEERING DESIGN RESEARCH

R is a central ingredi in repairing the national infrastractare in
enginecring design. It will contribute new knowledge, new ideas, and new
people w0 industry and education and stimalase the creation of new business
enterprises, Omﬁne.nweu-coneeiwd.minedmmo(euineuiu
design research will gradaally reduce U.S. compenies’ reliance on ad hoc




mmuwmmwmw-q—my.m-
coat products asd reduce lead time 10 market for new or modified products.
- ummmm&;rmm

and relating design 10 the business catorprise—wore decmed crecial 10 re-
forming the practice and teacking of enginceting design. Collectively, they
mﬂammwﬁuﬁﬂmwniathﬂ“
firms, and individual ressarchers in the assignment of rescarch prioritics
aad selection of prejocts.

The peopesed resoarch is esseatisl 10 the revisiization of the caginceriag
design infrastructure i the Unived States sad heace to U.S. competitivenese.
Significant and usefol imermodime (i.c., four- (0 five-year) resukts shouid
be achicvable ‘or most topics. It is extremely imvportant that thig research,
whether spplied or basic, be of the highest quality and be conducted with
and that reculis be disseminated 50 indastry as well as 10 academs.

Results of wmiversity rescarch in enginesring desiga can find their way
im0 industrial practice by a semsber of routes. However, evea well developed
rescarch ressits conmot simply be “given” 10 industry; new methods must be
refined and packaged as prodects, a task that canaoct readily be performed
bymuiv«ﬁﬁuabymmm-i‘htmdmdm
resuits. The crestion of a Nations! Consortiwm for Eaginsering Design
mcm)mﬂnmmuu«mmum

RECOMMENDATIONS

Indestrial design practice, caginsering education, and design rossarch ail
can be impeoved. Many of the repoet’s recommendations require caly inisiative
by the actors sad lictle invessment. Companies must reorgaaize their prod-
uct realization processes sad at least adopt existing best design practices,
They must also commamicais better with universities in ordez 10 S8C6 new
design methods and well-prepared graduatcs. Umiversitics, in twre, must
make 2 high-level commitment t0 improve oaginccring design Sducation
and research sud betaer relaie thom 10 the noeds of industry. The government
must make engineering design a national priority and encoursge ressarch by
increasing funding sad atsisting in the establishment of cleariaghouses for
design information sad seaching materials. Spocific actions are recommeaded
in the report.
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Recommencdations from NRC Reports

1. The_Competitive Edge: Research Priorities for U.S. Manufacturing

Top 4 recommendations on skills improvements in priority order:

1. NSF should establish a program to subsidize the initiation of large consortia to
colisborate on the development and dissemination of programs of mamnufactring skills
education for engineers and managers. The effort could bs couchad as ressarch on
coliaborati+e education in manufacturing skills, inciuding nationwide access and hands-on
experience at approprizie conters, to include a number of teaching factories.

2. NSF shouid establish a Faculty Professional Development Program in manufacturing
with the goal of reaching 20 percent of engineering facuity within two years.

3. NSF should fund and coordinate research that invoives business and management
schools, engineering colieges, and industry in coilaborative studies of manufacturing
management in particular and technology managemernt in general.
4. NSF should work with other government agencies to develop a program to establish
consortia on manufacturing in specific areas, such as microelectronics, automotive, and
aerospacs.
in addition to the preceding recommendations related to education and training, the
report identifies and analyzes research needs in the following critical areas of
manufacturing:

@ intelligent manufacturing control

e Equipment reliability and maintenance

® Advanced engineered materials

@ Product realization process

Il. Improvi ineerin i

Recommendations are given for actions by indusiry, universities, professional engineering
societies and government. The foliowing are recommendations to NSF:

1. In order to support faculty in improving the teaching of design, NSF should establish
a clearinghouse for design instructional materials and methods.

© Should be established quickly
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@ Faciiitate the synthesis of this material into textbooks, case studies, video tapes.
computer software, etC.

2. NSF shoukd support both a large increase in design research and increased university-
industry interaction in engineering design.

omamwmmmmmhﬂym
mmwmmammmawmw
mwmmammmm IR

.wm«mmmnmmd Methodology program by
m?ammq.mm.mdmnmm(ssmssm

° «mmawﬁaﬁonofaddiﬂot\ddum-rdatsdamgmmnmm
Canters.

&NSmedem.mmmdindusmalandaadm

W.Mmmmmmmmaw

Consortium for Engineering Design to:
oquotmpncompoﬁdvamouehvoh\provodesignnwﬂ\odsandtoob;

ogaﬁmmddbsuniﬂekﬂormaﬁonabmﬁhmmaﬁonalbestengineeﬁngdesign
practices;

omrdnreadsﬁngmdnmdesignmowbdgnomdusﬂyand academa;

odwobpmdpronmmdmyuiv«sity-govumwhbaaﬁmhrmuth
and education; and

o provide brokerage services for ‘personnel exchanges and arange privately
funded research between universities and industry.

The report also inciudes a topice! ressarch agenda for engineering design ressarch.
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Mr. BoucHER. Thank you, Mr. Markovits.

Dr. Dieter?

Dr. Dieter. Thank you, Mr. Chairman, for this opportunity. 'm
speaking today on behalf of the American Society for Engineering
Education’s Deans Council, which represents more than 300 col-
leges of engineering in the United States.

The role of the engineering colleges in helping to meet the com-
petitiveness challenge is growing and changi Igl Engineering
schools are moving away from the post-World War II focus on engi-
neering science and the creation of new knowledge, and they’re
moving towards a broader role which includes.not only creation of
new knowledge but a renewed focus on the business of engineering;
that is, the creation of new products, processes and systems. Many-
facturing and design are integral elements of this reorientation.

Now, the National Science Foundation through its research and
engineering initiatives is helping to make this change. While it’s
too early to gauge the success of all of these initiatives, we believe
they are generally headed in the right direction and are hitting the
right leverage points. In fact, we believe the goals of these initia-
tives are so important to the Nation that they justify increasing
support for the Engineering Directorate faster than the rest of the
agency.

In considering the term “manufacturing,” what we mean by
manufacturing, we feel it should encompass a broad group of ge-
neric technologies and processes. This includes not only systems
management technologies and conventional processing, but also
such areas as environmentally friendly chemical processes, intelli-
gent processing equipment, flexible computer-integrated manufac-
turing, and micro- and nanomanufacturing. All of these areas, par-
ticularly related to processing, could use significantly increased
levels of research funding from the Foundation.

Because the real advances in manufacturing research and educa-
tion require industry participation—we’ve heard that from two pre-
vious speakers—we strongly endorse the Foundation’s approach as
sponsoring manufacturing-related research through a variety of
centers and small group awards. Center grants make natural tar-
gets for industry participation. For example, at the Systems Re-
search Center on my campus, we have already spun off two major
activities with industry—a center on electronic packaging and one
on satellite communications. We believe it would be most valuable
to expand the Engineering Research Centers program as well as a
smaller scale collaborative centers and the strategic manufacturing
initiative.

In general, undergraduate teaching materials need to be im-
proved. The Foundation might want to designate funding for manu-
facturing and manufacturing-related course and curriculum devel-
opment. Although it’s not specifically focused on manufacturing,
the NSF’s Engineering Education Coalitions are really making a
difference in this area. For example, the ECSEL Coalition, to which
my engineering college participates, is working to integrate design
across the entire curriculum. At the freshman level, our main ob-
i'lective is to show students where engineerin% design fits into the

eavy concentration of analysis courses that follow. We do this by
having the students undertake a complete design, including manu-

b5
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facturing and assembly. But because the students do not have a
very great background in engineering, they make their design of
familiar products like swing sets and seesaws. This experience in .
the complexity of design leads them into the rest of the curricu-
lum.

Given the innovation and collaboration we are seeing in the En-
gineering Education Coalitions, we would like to see their number
expanded.

A key to reorienting engineering education towards the creation
of new products and processes is, of course, the faculty. Since most
of our faculty go directly from research-oriented graduate school
into teaching, very few have industrial experience. While some of
our faculty are gaining industry experience through the research
centers and the Engineering Directorate’s Industrial Internship
Program, another avenue for change is summer support for facul-
ties to work in industry, particularly the young faculty. Support
could be focused on the faculty member’s first summer of employ-
ment, which should be early enough to provide the individua! with
industry background and would, perhaps, reorient research activi-
ties into more industrial mode.

At the undergraduate level, while we know that the Nation
needs more of our best engineering graduates to go into manufac-
turing, we also know that our students respond to financial incen-
tives. When industry demonstrates that it values manufacturing
engineering through greater prestige and salaries, I am confident
more of the students will be attracted to manufacturing programs
and degree options.

One thing industry could do to make manufacturing centers
more interesting to students is to establish a small grants program
to enable faculty members to hire undergraduates during the
summer to work in applied research projects, preferably with in-
dustry. This program would complement, and not replace, the ex-
isting Manufacturing Experiences for Undergraduates program
which the Foundation runs through the Research Directorates.

At the graduate level, we believe the Foundation should sustain
and expand the new graduate traineeship program. This would be
especially valuable in manufacturing areas because traineeships
can be targeted at specific fields and university departments. Al-
though the Foundation-wide traineeship program would not focus
solely on manufacturing-related fields, proposals with a manufac-
turing focus could be provided extra consideration.

To sum up, the deans of engineering strongly support the Engi-
neering Directorate in its effort to promote a return to the business
of engineering in our engineering colleges, including the revitaliza-
tion of manufacturing engineering research. Because this effort is
so important to the Nation’s technological development and to the
education of tomorrow’s engineers, we believe that financial sup-
port for the Engineering Directorate should grow faster than even
the rest of the Foundation.

I'd be pleased to answer any questions.

[The prepared statement of Dr. Dieter follows:]

»
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Mr. Chairman, thank you for this opportunity to appear
before the Subcommittee to discuss the role of the National
Science Foundation in manufacturing engineering education and
research. My name is George Dieter and I am dean of engineering
at the University of Maryland, College Park and incoming
president-elect of the Anmerican Society for Engineering Education
(ASEE). I am speaking today on behalf of the ASEE Engineering
Deans Council, which represents the more than 300 colleges of
engineering in the United States.

As you know, industrial competitiveness has become a major
concern in the nation. It is clear that the nation’s economic
and military security depend on our ability to develop and deploy
technology more effectively than our competitors.

The role of the nation’s engineering schools in helping meet
this competitiveness challenge is growing and changing. We are
moving away from the post-World War II focus on engineering
science and the creation of new knowledge, toward a broader role
that includes not only creation of new knowledge but a renewed
focus on the business of engineering--that is, the creation of
new products, processes and systems. Manufacturing and design
are integral elements in that re-orientation. But it also
includes developing new modes for engineering research; a major
reshaping of curricula to make engineering education more
interesting, integrated and relevant to engineering practice; and
major efforts to open up the profession to traditionally under-
represented groups such as women and minorities. Taken together,
these changes will reshape academic engineering for meeting the
challenges of an increasingly competitive world.

Through its education programs and research thrusts, the
National Science Foundation’s Engineering Directorate is helping
engineering colleges initiate and speed these changes. While
there is manufacturing activity in other portions of the
Foundation--notably the Computer and Information Science and
Engineering Directorate--Engineering is an important catalyst in
directing new education and research attention to manufacturing
and manufacturing-related areas.

It is too early to gauge the success of many of these
initiatives, but we believe they are generally headed in the
right direction and are hitting the right leverage points. And
in fact, the goals of these initiatives are so important we
believe they justify increasing support for the Engineering
Directorate faster than the rest of the agency. The greater the
support, the greater the leverage and the faster the change in
the academic engineering community.

I would like to discuss four inter-related areas that need
to be addressed in order to accomplish this shift in focus:
research, course & curriculum development, faculty rewards and
student needs.




2.

Research. The term "manufacturing™ should be viewed quite
broadly, to encompass the wide array of generic technologies and
processes that ultimately contribute to effective product
development. This includes not only systems management
technologies, but also research in such areas as environmentally-
friendly chemical processes, intelligent processing equipment,
flexible computer integrated manufacturing, and micro and nano-
manufacturing.

A1l of these areas, particularly related to processing,
could use significantly increased levels of funding. Since
support for these technologies and processes is spread throughout
the Engineering Directorate, as well as in other directorates,
funding increases should not be highly concentrated. One cannot
always predict where new advances will be made that contribute to
manufacturing or systems capability. Moreover, the Directorate
must keep in mind its mission to broadly support basic
engineering research and not starve out important areas that may
not be immediately applicable to manufacturing.

Research Centers. We support the Foundation’s approach of
sponsoring manufacturing-related research through a variety of
centers and small group awards. Real advances in manufacturing
research and education, we believe, require the participation of
industry. Center grants, both large and small, are targets of
opportunity for industry participation.

The Engineering Research Centers (ERCs) are significantly
strengthening the ties of university researchers and students
with industry. The long-term involvement of industry in these
centers is both enhancing the research and educating students in
a cross~disciplinary, systems approach to problem solving that is
vital to the new world of flexible manufacturing. At the Systems
Engineering Research Center on my campus, for example, we have
already Spun off two major activities with industry: a center
for 2lectronic packaging which focuses on the design and
reliability of electronics packaging, and a NASA center for the
commercialization of space which deals with satellite
communications. Our students are in high demand from industry.

There would certainly be value in adding new centers--such
as the Foundation is proposing in FY 1993--to focus on critical
technologies in manufacturing and materials.

The deans also support expansion of the Directorate’s
smaller-scale center and group award programs. These include the
industry and state/university collaborative centers program, as
well as the strategic manufacturing initiative which NSF is
funding in cooperation with the Department of Defense.

These Smaller-scale centers, geared toward specific
manufacturing problems and regional economic development issues,
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can be accessed by a broad array of engineering schools--both
large and small--and still provide faculty and students with the
direct interaction with industry and real-world manufacturing
problems associated with the larger centers. We might recommend
that in order to provide greater leverage, the maximum annual
grants allowed in the strategic manufacturing initiative be
increased from $300,000 to $500,000. The higher level of funding
would enable university researchers to attract greater industry
support and end up with perhaps $3-4 million a year, a good
amount for making things happen.

I would like to add that the engineering deans applaud the
Engineering Directorate for initiating, in cooperation with the
Social, Behavioral and Economic Sciences Directorate, a new
program in the management of technology. We believe this program
holds great promise for interdisciplinary research in this
important area.

« In general, undergraduate teaching
materials in manufacturing could use improvement. The
Engineering Directorate, or the broader Foundation, might want to
designate funding for manufacturing and manufacturing-related
course and curriculum development. The funding should be linked
in some fashion to the manufacturing research activities of the
Directorate. This should include development of design ana
manufacturing case studies.

The Engineering Education Coalitions are also making an
important contribution in this area. While the four existing
engineering education coalitions are not explicitly focused on
manufacturing, they are aimed at promoting practices that will
contribute to manufacturing expertise: student and faculty

teamwork, integration of disciplinary material with design and
practice, total guality .management, and a focus on real-world
applications. For example, the Engineering Coalition of Schools
for Excellence in Education and Leadership (ECSEL), in which my
engineering college participates, is focusing on integrating
design across the entire curriculum. We are having some real
success. At the freshman level, the chief objective is to show
students where engineering design fits into the hea
concentration of analysis courses that follow. We do this by
having students undertake a complete design--including
manufacture and assembly--of familiar products like swing sets
and seesaws. This experience leads them into the rest of the
curriculum.

Given the innovation and collaboration we are seeing in the
Engineering Education Coalitions, we would like to see the number
of coalitions expanded.
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Zaculty Rewards. As in most aspects of engineering
educ:.tion, the key to change is with the faculty. If we want to
re-.rient engineering colleges toward the creation of new
poducts and processes, we need to provide faculty with
incentives to gain industry experience. Since most of our
faculty go directly from research-oriented graduate programs into
faculty positions, very few have any experience in industry, much
less in manufacturing. Providing them with relevant industrial
interaction would make a big difference.

The NSF research centers and manufacturing-related group
awards are addressing this jssue by requiring faculty to work
together with their industry colleagues and developing
appropriate recognition for their contributions. But the effort
needs to be broader. Aalong with the Engineering Faculty
Internships, which enable faculty members to conduct research in
an industrial setting, the Foundation could develop a program to
support summer experiences for faculty in industry. Young
faculty members could be specifically targeted, with support
focused on their first summer of employment. This would give
them industry experience early in their careers without
interfering with their efforts to gain tenure.

We as deans of engineering can also do more. For example,
we can provide our young faculty members with time out from the
tenure process in order to pursue year- or two-long sojourns in
industry.

gtudents., We know that for the technological benefit of the
nation our engineering graduates will need strong skills in
integration and design and that more of our best students should
go into manufacturing-related careers. But engineering students

are smart and respond to financial incentives. They look at the
low starting salaries of manufacturing engineers and decide to
look elsewhere. When industry demonstrates that it values
manufacturing engineering through greater prestige and salaries,
I am confident more of our students will be attracted to
manufacturing programs and degree options.

One way that NSF could make manufacturing careers more
interesting to students is to establish a grant program that
would enable faculty members to hire undergraduates during the
summer to work on applied research projects. The focus should be
on practice-oriented research--preferably in direct collaboration
with industry--and should be open to all faculty, not just those
with NSF research grants. 1In this way, the program would
comxplement, not replace, the existing Research Experiences for
Undergraduates (REU) program the Foundation runs through the
research directorates for more traditional research activities.
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At the graduate level, the Foundation should be encouraged
to sustain and expand its new graduate traineeship program.
Traineeships would be particularly valuable for manufacturing
prograns because they can be targeted at specific departments in
specific fields. We recommend that eligibility for funding
include both practice-oriented masters degree and doctoral
programs. While the Foundation-wide traineeship program would
not focus solely on manufacturing-related fields, proposals with
a manufacturing focus could be provided extra consideration for
funding.

Summary. In sum, the deans of engineering are quite
supportive of the general directions of the Engineering
Directorate in promoting a return to the business of engineering
in our engineering colleges, including the revitalization of
manufacturing research and education. Because this job is so
important in technological development and in the education of
tomorrow’s engineers, and because NSF is such an important
catalyst in the academic community, we believe Congress would be
fully justified in increasing support for the Directorate at a
faster rate than the rest of the Foundation.
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Mr. BoucHer. Thank you very much, Dr. Dieter.

The subcommittee expresses its appreciation to each of the wit-
nesses for their carefully prepared and well-presented testimony
this morning.

I'd like to direct my first question to you, Mr. Markovits, as a
representative of the private sector. Could you give us some sense
of the extent to which industry is aware of these shortcomings and -
is making an active effort to recruit the kinds of engineers that
have skills in manufacturing design and in new manufacturing
technologies? And, if there is some sense that industry is not doing
this very aggressively, then should we not be worried about the
extent to which young people could be encouraged to go into these
fields? If they are not going to have jobs waiting for them on the
other end, why would they choose this course of study?

So, would you care to address that range of concerns and tell us
:vol(llat’g going on in industry and what the perception is there

ay?

Mr. Marxovirs. Yes. Yes, I would. Let me give you my percep-
tion, but I'll do it primarily from the perspective of the high tech
industries, mainly the computer and the semiconductor industry
because that’s basically what I'm familiar with. All right? And I
think in those particular industries there is an awareness of the
need for design skills. There is an awareness of the need for overall
educational skills.

As 1 mentioned before, within IBM, they put in place a signifi-
cant amount of resource in programs to up-level the education of
the particular technicians, the line technicians. At a higher level,
they are working with various universities in other companies that
I've worked with, like Intel and National Semiconductor— are
working with various universities to put in place programs to do
two things: One, to affect the curricula of those various schools. All
right? Two, to form more interaction between the universities and
industry to bring university teachers into industry on sabbaticals
and things like that, so that when they go back to the universities
they understand how it is they have to mold and change the sub-
stances of their courses. All right? And three, to actually educate
the people themselves right on the job.

So I would say that at least in the high tech industrics they are
very aware of these problems and there is a great demainl.

Mr. BoucHEeR. So the demand is there in the industrial sector for
engineers who have these skills? :

Mr. Margovirs. In the high tech industrial sector, yes.

Mr. BoucHer. Do you have any sense about the lower tech indus-
tries? Is the same true there?

Mr. Magrxkovirs. No, I am sorry, I don’t. I don’t have that level of
interaction with them.

Mr. BoucHER. Let me ask our other two witnesses this morning,
both of whom serve on the National Research Council and un-
doubtedly have had much interaction with industry. Do you have
the sense that across industry generally there is an awareness of
this problem and some desire on the part of most companies to re-
cruit engineers with these skills?

Dr. Jongs. I would say amoeng the leading firms, yes. But a thing
we’ve been talking about just this morning, there is a great mass of
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companies that provide an awful lot of jobs for the manufacturing
industries that are just barely making ends meet. Day to day ev-:
eryone is putting out fires, and we cannot honestly say that these
people even recognize what in addition they need. In fact, that’s
one of the jobs—is to get the word out to these many, many compa-
nies that they can improve their performance greatly.

And, to make the comparison some people object to, that is one
of the big differences between the structure and interactions of
American companies and Japanese companies, where the well-
known mode there is for a large company to actively nurture quite
a number of suppliers, and those in turn will nurture a number of
suppliers.

Mr. BoucHeR. Dr. Dieter?

Dr. DIETER. One of the major manufacturing concerns in the
State of Maryland is Black & Decker, and their vice president for
technology recently served on a task force of our Higher Education
Commission on Engineering Education. And he made very sure
that in the recommendations of this Commission that steps will be
taken to strengthen manufacturing engineering education in our
engineering colleges.

I think a program that also needs to be mentioned here is the
program that’s funded and managed through NIST that establishes
regional manufacturing centers that are direrted chiefly at inter-
acting with the small companies that Dr. Jones was talking about.
I think that program is a very good one and needs to be encour-
aged and expanded, because I think it works at that level where
the high tech companies and the high tech input really doesn’t get.

Mr. BoucHER. Let me get you to address, if you would—and I'll
ask all three panel members this question—the attitude and the
procedures that exist within the engineering schools themselves.
First, from the standpoint of the simple question of prestige, is it
considered to be a good thing to do professionally to pursue a
career in manufacturing design, high technology manufacturing—
engineering design, I think, is the phrase you used? Is that consid-
ered to be a prestigious thing to do? And, if not, does the lack of
stature that attends that endeavor tend to retard entrance into the
field? And, if that is true, what do we need to do about it?

And then, secondly, the faculty reward system itself. Given the
paucity of research funds that are placed into this discipline today,
and the emphasis at universities on obtaining research grants as a
means of demonstrating success and getting promotions, is there
an imbalance in that that is also causing faculty to shy away from
these very important disciplines?

So, address, if you would, the erfect of the faculty reward system
and also the question of prestige on encouraging faculty to go into
these fields.

Dr. Dieter?

Dr. DieTER. Ten years ago 1 would say that there was very defi-
nitely a problem with prestige for design and manufacturing. I
think that one of the things that has changed that very much is
the entry of the Engineering Directorate of NSF very heavily into
the areas of design and manufacturing. _

In the pecking order of universities, the National Science Foun-
dation funding is the best, and faculty who can obtain funding
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from NSF, it is a factor of prestize. So I think that NSF's participa-
ti}(lm izd crucial and vital in changing this situation, and it has
changed.

Mr. BoucHer. Has it changed to the point that it is considered as
prestigious today to be a design engineer or a manufacturing engi-
neer as it is to be someone who is involved in basic research in the
high tech area or something such as that? Is it as prestigious to be
involved in design today?

Dr. DieTer. Well, if you can do research in design and manufac-
turing and couch it in such a way as to publish it in the more pres-
tigious journals, then it is. But, if what you do is very applied, and
theﬁfore can’t be published in prestigious places, then it could be a
problem.

What we have found is that our faculty do both. Again, in the
State of Maryland in recent years we have established a program
for matching funds between industry and the university to do what
you would call applied research, and I'm very pleased to say that
these funds are very highly sought after, and by some of our wiost
prestigious researchers. That doesn’t mean they don’t do their line
of fundamental research and publishable research, and they contin-
ue to do that. But they are very interested in seeing their research
results applied.

Mr. BoucHgr. Should we conclude that the question of prestige is
no longer a problem in terms of encouraging pgggle to enter this
discipline today? Do you think it has been remedied to the point
that we shouldn’t consider that?

Dr. Dierer. Well, I don’t know about that, but I would say that
the ability to attract people into this field is very much a function
of the perceived funding—the stability of the funding and whether
it looks like someone starting out building a career in this field is
likely to be able to go for some period of time.

Mr. BoucHER. Let me ask the other two panelists to comment on
that question.

Dr. Jones?

Dr. Jongs. I think we still have a serious problem on prestige. In
fact, even the terminology ‘prestigious journals” indicates the bias
because we have found that some of the most prestigious journals
have circulations of the order of 200 worldwide. So that a paper in
a prestigious journal may really have very, very little influence
compared with an article in something like Machine Design or
Design News or many of the periodicals that are actively read by
people in industry. :

Przstige is still a serious matter. And, as Dr. Dieter says, here is
a place where NSF leadership can truiy make a difference. Because
the NSF stamp of approval, their funding of work in a given area
just attaches prestige to that area within the academic community.
That's why the NSF—investment, I think, of the Nation in NSF
pays great returns, because it does change the way people think
and it changes the areas that people work in.

The other thing is, let's face it, one of the comparisons made
among universities is simply on the bagis of research dollars. It
may be a spurious measure, but it’s a nZasure. Even U.S. News &
World Report in comparing graduate schools list that as a primary
factor, as unsound as it may be, as a primary factor. And there
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again, as Dr. Dieter says, as we have the research funding in a
given area, that adds stature, prestige to that area. That’s why I
would like to see the moves made that are going to bring those
things to fruition.

Mr. BoucHer. You know, that’s the kind of concise answer I was
looking for. We do have a problem and the answer to it, you say, is
NSF giviug a higher stature through its research budget to these
disciplines.

Mr. Markovits, would you care to comment on this?

Mr. Margovizs. Yes. Yes, I would like to. But I'd like to address
it a lictle bit differently. I think my colleagues have addressed the
issue of prestige as it pertains to the university and university pro-
fessional. But I think the problem actually starts earlier than that.
I think the problem starts in our high school with the fact that
most students don’t belisve that it’s a prestigious career to pursue
in terms of basic engineering. All right? They believe that either a
business career or a career in basic research or science is much more
prestigious to pursue. And so I think the NSF funding has to be
directed at that problem too.

I think you have to address it an earlier stage. Because by the
time these students get to pick their collegs direction, their mind is
made up. Their perception of the prestige of different areas is
formed, and they are not going to change it.

Mr. BoucHer. How would you suggest that we do that at that
earlier stage?

Mr. MArgovirs. Well, I'll give you an example. In New York
State, there is a program called the Visions Program in which vari-
ous high tech companies in the New York area have brought in
high school teachers to work with them over the summer, and the
high school teachers then learn what it is to be involved in manu-
facturing and basic design engineering. They then bring this back
%o their students, and they encourage their students then to get in-
volved in this, and che'ly;htell their students what the rewards are
being invelved in this. This is the kind of communications that has
to happen.

Now, we had it, I think, back in the Sixties. I mean, back in the
Sixties it was a given that you were going to be an engineer be-
cause it was the greatest thing in the world. It was part of, you
* know, the way to go. You are going to put a man on the Moon. You
don’t have that today. I mean, today the picture is pictures of Ivan
Boesky and other manipulators. Right? I’'m sorry, but it’s true.

Mr. BoUCHER. Back in the Sixties, I guess, a lot of engineers also
did a stint with industry.

Mr. MarxkoviTs. Right.

Mr. BOUCHER. And that was part of the career path. In fact, part
of the training was tied up with a fellowship in industry. That is
less typically true today, is it not?

Mr. Markovrrs, Yes.

Mr. BoucHER. Would it be helpful if we tried to instill that kind
of partnership again?

Mr. MarKoviTs. I think so. I think the companies have to take a
part in this too. Again, I hate to keep—everybody keeps referring
to the Japanese, but in many Japanese companies they will take
their new, young graduates and they will make them go through a
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stint in manufacturing. And they will learn what it is; so that,
when they go later on into research and development, they know
what it is they are developing, and they know what the implication
is going to be to the manufacturing line. We tend not to do that,
and we need to do more of that.

Mr. BoucHER. Are there any problems inherent in the faculty
reward system that discourage people from pursuing this field, that
discourage faculty from investing appropriate intellectual and
other kinds of resources in it? Dr. Jones?

Dr. JonEgs. Absolutely. You mentioned the faculty reward system
in your opening statement, and no study of education, higher edu-
cation, today is complete unless it does address this very, very seri-
ous problem, which is a close-in type of problem. The promotion,
tenure, salary actions in universities are determined within the
university. en outside help is asked for, it is asked for of other
faculty members who are in the same kind of thing.

I detest writing lctters to support the promotion of some col-
league in another institution I may never have visited. I don't
know what goes on there exactly. And yet I do it, because I'm going
to need some letters to get some of my people promoted. And that
system definitely needs change. Mostly it needs a bright light on it.

And I think tie pressure that comes from outside, whether it be
NSF, prospective employers, prospective students and their par-
ents, to bring this promotion and tenure system out into the open
is all to the good. And there has been some literature on it. Of
course, the Charles Sykes book “Prof Scam” and Paige Smith’s
book “Killing the Spirit” both address this, and I think we need
the broad light of day on those.

Mr. BoucHer. Thank you. Other comments on that question?

Dr. DieTeR. Only that a very respected person in higher educa-
tion, Ernie Boyer, has written a book called “Scholarship Revisit-
ed” which addresses this subject and attempts to show how the cri-
teria for promotion and tenure could be broadened and still meet
the rigorous standards that universities are conducting.

So I think there is a trend in this direction, but, as Dr. Jones
saﬁ, it’s very, very slow.

r. BoucHer. This is a question that is uniquely within the
hands of the universities and colleges themselves. Is there any real-
ization at the administrative level internally within the various
schools, within a university or universitywide, that this problem
exists and that it needs to be addressed?

Dr. Dieter. I think there is a slow realization of this. You need
to realize that what happens in an engineering school in a large,
broad-based university is very different from what happens across
the board. Attitudes there very often are not the norm. But I think
it is coming slowg'.

Mr. BoucHER. Dr. Jones, do you agree?

Dr. Jones. Yes, I agree. It is very difficult to change. And I must
confess, you know, I'm part of the system, and I've prospered and
was promoted and so forth. And the system is currently in the
hands of people who have prospered under it. That makes it very
difficult to change.

Mr. Boucher. The public sort of complains about us the same
way, I might add. {Laughter]

15
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Well, that concludes my question of this panel, at least for the
initial round. I thank you very much.

And I recognize the gentleman from California.

Mr. PACKARD. Thank you, Mr. Chairman. You mentioned about
fellowships and the process of faculties going into manufacturing, a
first stint, and broadening their experience level. The reverse also.
VWhat about manufacturers and those in industry coming back into
the classroom? Is that being done as much as it was? Or should it
be done more? And how could that be done effactively?

Dr. Jones?

Dr. Jongs. It's being done a little bit. Certain companies have
been very helpful on this. IBM has supplied some excellent people
on faculties around the country. Otherwise, the arrangements are
usually made on a one-on-one basis. I have done it. I have had fac-
ulty members come in and spend a year, ke people from compa-
nies such as Dupont, General Motors, General Electric, TRW.

These things were done simply on a one-to-one basis because, if
you are looking for someone and an industrial firm says, “Here’s a
man we can spare,” we don’t want him. You want the man that
they really can’t spare. Occasionally you can find some key person
who is between assig'nments or has just czx:rleted a bi% assign-
ment, and you can do it. That is a very healthy thing. It works
beautifully. But it is done on a very, very small scale.

There is not an average of one such person per university across
the country at this time.

Mr. Packarp. Dr. Dieter——

Dr. DieteR. That was a very good answer.

Mr. Packarp. Do you confirm that?

Dr. DietER. Yes, indeed.

Mr. PAckARD. Your university.

Dr. Jones, you mentioned in your testimony that the study shows
that $6 million for this first year and $20 million thereafter for 4
or 5 years would be adequate. Has NSF factored that into their
budggt, or could they? Or would that require additional appropria-
tions?

Dr. Jones. We are suggesting an additional apprepriation be-
cause we do not see it in the NSF budget submittal. Now the
design research has been within the design and manufacturing pro-
gram in the E.gineering Directorate. I believe that about 3 years
ago when I was on an advisory committee there that the expendi-
tures were about $3.5 million. And I don’t have firm figures, but I
believe from talking with people there that it is about $1.5 million
into design research d“{ﬁ# the current year.

We think it is ve ifficult for NSK to reallocate funds to do
that within their budget because there is always that reluctance,
you know, of any other organization to give something up. There-
fore we would suggest that this be an initiative; that is, a funding
3pegiﬁcally for the purpose of supporting research in engineering

esign.

Does that answer your question?

Mr. PACkARD. Yes. Very well.

Mr. Markovits, in your report you have recommended that the
factory be viewed as a laboratory. How do you suggest re-establish-
ing the mindset of our industries and universities in terms of
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using industry as a learning laboratory for design manufacturing
processes?

Mr. Marxkovrrs. Right. I think that the NSF could have a signifi-
cant impact upon this by funding the type of research that would -
require joint collaboration between the universities and people
from our manufacturing lines, and that funding also predicate that
research has to be done to some extent in the manufacturing lines.
I think the important point we were trying to make in that report
was that it's one thing to isolate a problem and to do it in a labora-
tory. It's another thing to try and make that same study, if you
will, in the manufacturing line where control itself is an object of—
or desire that you may not have. Right?

So I think if you can so direct the research so that it has to
happen in a manufacturing line and it has to be this close collabo-
ration and they have to take into account the entire systemic view
on it, understanding that a small change here is going to impact
the entire line, that's the way that the NSF could have an impact.

Mr. PACKARD. You also mentioned in your testimony-—excuse
me—that the Japanese metalworking industry using advanced
manufacturing technology has demonstrated remarkable increases
in productivity and that we need to do more of that. How can we

e that transition? How can we implement—what would be nec-
essary for us to show the same kinds of increase in productivity by
using the same process?

Mr. Magrkovits. Well, I think I'll pick up on a comment that Dr.
Jones made before. I think his comment was the fact that many of
our iadustries, especially the smaller industries, are not aware of
what’s out there. They are not aware of the technology that’s avail-
able today. And some sort of effort on the part of the NSF to bring
these people into the circle and have them understand the technol-

that’s here.

e’re not talking about technology that doesn’t exist. It’s there.
All you have to do is go over to Japan, like I did a couple of years
ago, and tour the Mazak plant and you’ll understand that it’s here
today. Right? But for some reason it’s not being picked up by and
used by our manufacturers, and we have to somehow bring these
people into the circle, educate them, show them the benefits of this.
Amf then, I think, if you show the business benefits of it, that
they’ll pick up on it.

Mr. PACKARD. Are we going to have the same kind of competition
from some of the Third World countries, Korea, in the metalwork-
ing areas—Taiwan us well as the European Community?

r. Markovrrs. Definitely. Something you need to understand
about advanced manufacturing technology is that, once you’ve been
able to codify this knowledge, that is, the advanced manufacturing
technology—put it into computers intc knowledge bases and data-
bases; put it into these highly automated machines—those are
highly transportable. You can take those anyplace, and you can
t(;irain people how to use them, and then you have that sort of pro-

uctivity.

You are seeing it now. You are seeing it with the Pacific Rim.

Mr. PackArp. Have we not already relinquished our willingness
to compete in those areas?

Mr. MarkoviTs. No, I don’t think we have.

7?
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Mr. Packarp. Dr. Dieter, you mentioned in your testimony that
the Engineering Research Center on your campus has been very
successful. Has industry been involved in that Center, and how
could that same experience be transferred to other centers?

Dr. Dierer. Well, I think all of the Engineering Research Cen-
ters—one of their major requirements is to have very significant
interaction with industry, and indeed they all do. I think at our
school we have about 25 companies that participate with our
Center in various ways.

And the thing that I think is significant about these Centers is
that they are large enough and they work on big enough problems
that they can attract companies and indeed provide opportunities
for students to get industrial experience. Every summer a signifi-
cant number of our graduate students go out and work with our
sponsoring companies. And, of course, the companies are intimate-
ly involved in planning and helping the research to be done.

This I think is a model. Maybe the scale does not have to be as
large as some of the Engineering Research Centers, but I think we
need to create more of these opportunities around the country and
at more universities so that this interaction can take place.

Mr. PACKARD. As students graduate now in engineering areas, is
it more difficult than it was 10 or 20 years ago or less difficult to
find good jobs, well-paying jobs?

Dr. DieTeR. Well, of course, there is a recession on right now and
the recession has affected the employment opportunities in the last
2 years. But, if you discount that, the opportunities for engineering

students have been very fine. They have been very sought after.

Mr. Packarp. Has that had a change or effect on the enrollment
in t};e engineering fields in schools by virtue of being more attrac-
tive?

Dr. Dieter. Well, there was a very great enrollment in engineer-
ing students starting around the mid-seventies and going through,
I guess, the mid-eighties. Engineering enroliment has always
tended to be fairly cyclical, and we are now on a downward trend. I
don’t think it's a precipitous drop, but it is down in the last 3 or 4
years, probably reflecting the general downturn of the economy.

Mt"’ ACKARD. Can that be changed with better educational prac-
tices?

Dr. Dieter. Well, of course, the number of students who study
engineering is determined, first of all, by the general level of inter-
est, but then by the math and science background that the stu-
dents get in high school. You're almost predetermining the number
of students who would be eligible to study en%ineering in the
N.atl:ionl?y lt:he number who take appropriate math and science in

school.

. PACKARD. In the last decade we have emphasized that very
thing.
Dr. Dieter. Yes.

Mr. Pacxarp. Have we seen an effect?

Dr. Dietxr. I think there has been some improvement, but it cer-
tainly has a long way to go.

Mr. Packarp. Thank you, Mr. Chairman.

Mr. Boucter. Thank you very much, Mr. Packard.

The gentleman from Alabama, Mr. Browder?

56-5150 - 92 - 3
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Mr. BRowbkr. I have no questions, Mr. Chairman. Thank you.

Mr. BoucHER. Thank you, Mr. Browder.

Let me just inquire with this panel into one additional area.
You've done an excellent job today in giving us a sense of the scope
of this problem and suggesting some broad solutions.

One potential precise solution is the NSF recommendation that
for fiscal year 93 there be a program budgeted at $103 million for
the advanced manufacturing initiative, the precise title of the pro-
gram. I'm sure you’re familiar with this. It builds on an existing
program at the NSF.

Dr. Jones, you in particular had talked about the need for high-
lighting engineering design. And I wonder if the initiative at the
NSF appropriately highlights it or whether it’s so subsumed in the
overall initiative that it is rendered less significant or inappropri-
ately significant. And, if you could comment generally on that initi-
ative and in particular as to whether engineering design is appro-
priately underscored in it, I would appreciate that.

Dr. JoNgs. One thing you should notice is that $104.5 million is
not, of course, a program that stands out here labeled as advanced
manufacturing per se to the exclusion of other things. More it’s a
matter of looking at things, principally in the Engineering Direc-
torate, but at about half the level in computer science and some in
the social sciences and some in math and the physical sciences,
where it's a matter of an overlay. You lock at these four director-
ates and say what programs within those directorates are already
established, perhaps identified by other programs such as the Engi-
neering Centers, do bear on advanced manufacturing. And so that
is the nature of it.

You want to think of it not the same thing as a separate, stand-
alone, $104.5 million program. It doesn’t have the structure or the
overall direction, to the extent that you do direct research areas,
that a stand-alone program would have. That would be one com-
ment.

There is a lot of good work included in that program, in the
$104.5 million. Everything I read indicates that you do not have
the attention that is needed on the engineering design research.
Because while engineering design is almost always very closely cou-
pled with manufacturing, there are some-—there is some knowledge
we need about the engineering design process that is not closely
coupled with manufacturing and that is unlikely to get the atten-
tion that it should.

Another reason for having a separate designated program in en-
gineering design is that, as you know, over the years NSF funding
responds to proposal pressure—how many people want to do re-
search in the area. Of course, in the area of engineering design,
where the sources of stable continued funding have been minimal,
I must say the research community is rather discouraged. And so,
you don’t see the proposal pressure because they feel that it's fruit-
less to apply. And that’s another reason why we believe that a sep-
arate identified structured program is essential.

Mr. BOUCHER. A structured program in engineering design per
- —

Dr. JonEes. Yes.

{3
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Mr. BoucHER [continuing]. Or in the broader field of manufactur-
ing technology?

Dr. JonEs. Oh. I think both are needed. But I'm addressing this
reason for a structured program in engineering design research.

In the manufacturing, I see much good work in there. I think
some of the work being done by the Engineering Research Centers
is just marvelous. It is top notch. It has set a good example of how
things should be done. And like Dr. Dieter, I don’t mean to say
that’s the only way we should go. We need many other approaches
to doing research. I think we need to recognize where success has
bﬁen achieved. Clearly the Engineering Centers Program is one of
those.

So I am highly supportive of the $104.5 million program which
we see as advanced manufacturing. But we must remember that
that is an overlay-type program, if I'm using the right terminology,
not a stand-alone program of itself.

Mr. BoucHer. Okay. Gentlemen, would you care to comment at
all? All right.

Let me—Mr. Markovits, did you——

Mr. Maggovirs. Yes, I would like to make one comment. I think
that when you consider the overall advanced manufacturing initia-
tive proposal be very careful not to exclude the part that has to do
with the soft sciences, if you will. For several years I was the
worldwide program manager for computer integrated manufactur-
ing for IBM, and I'll tell you that we saw many, many failures,
where the technology was put in but we didn’t produce the results
that we wanted. And the failures occurred because we didn’t make
changes to the management practices and policies, and I think
that’s as critical as the technology.

So, when you structure this overall program, be certain to fund
that part that really deals with the orgunizational structure, the
practices and the policies. Because if there’s a place where the Jap-
anese really beat us, it is in that area.

Mr. BoucHer. Do you think that NSF should allocate more than
1 perg)ent cf its budget for menufacturing technology to the soft sci-
ences?

Mr. Magrkovirs. I do.

Mr. BoucHer. That’s what they're allocating now, about 1 per-
cent.

Mr. Markovrrs. Yes. I do. I think you need much more.

Mr. lzoucm-m. What's a good mix? What percentage would you
suggest’?

Mr. MarxoviTs. I would suggest at least like a 5 percent.

Mr. BoucHer. Okay. Let me just ask one additional question
along the same line. There is a suggestion that perhaps this gener-
al subject rises to the importance that it ought to become part of
the FCCSET cross-cutting interagency process. Any recommenda-
tions as to whether that would be appropriate? Should we make
this one of the FCCSET grant initiatives for the coming year?

Dr. Jones?

Dr. JonEs. I agree that you should. Very definitely.

Dr. DieTER. I thought it was.

Mr. BoucHER. No.

Dr. DieTER. No?
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Mr. BoucHeRr. It’s being discussed.

Dr. Dieter. Oh. Okay.

Mr. BoucHER. It definitely is being discussed. I think our next
panel may address that and mention it, but I wanted to get your
views as to whether it’s appropriate.

Anything further? Mr. Packard? Mr. Browder?

We greatly appreciate the help that you've provided this morn-
ing, and we thank you fc.- the time you've taken. You have enlight-
ened us greatly.

Mr. Boucier. We will welcome now our second panel of wit-
nesses: From the National Science Foundation, the Assistant Direc-
tor for Engineering, Dr. Joseph Bordogna; Dr. James Solberg, Di-
rector of Engineering Research Center for Intelligent Manufactur-
ing Systems at Purdue University; and Dr. Alice M. Agogino, the
Associate Director for Curricula Reform of the National Engineer-
ing Education Coalition and Associate Professor of Mechanical En-
gineering at the University of California at Berkeley.

We wculd welcome our witnesses this morning. And, without ob-
jection, we will make your prepared written statements a part of
the record and would welcome your oral summaries.

And, Dr. Bordogna—did I pronounce that correctly?

Dr. BorpoGNA. Bordogna.

Mr. BoucHeR. Bordogna. We'll be pleased to begin with you, sir.

STATEMENT OF DR. JOSEPH BORDOGNA, ASSISTANT DIRECTOR
FOR ENGINEERING, NATIONAL SCIENCE FOUNDATION, WASH-
INGTON, DC.; DR. JAMES J. SOLBERG, DIRECTOR, ENGINEERING
RESEARCH CENTER FOR INTELLIGENT MANUFACTURING SYS-
TEMS, PURDUE UNIVERSITY, WEST LAFAYETTE, IN; DR, ALICE
M. AGOGINO, ASSOCIATE DIRECTOR FOR CURRICULA REFORM,
NATIONAL ENGINEERING EDUCATION COALITION AND ASSOCI-
ATE PROFESSOR OF MECHANICAL ENGINEERING, UNIVERSITY
OF CALIFORNIA AT BERKELEY

Dr. BorboGNa. Thank you. Chairman Boucher, Mr. Packard,
members of the subcommittee: Thank you very much for the oppor-
tunity to testify on the efforts of the National Science Foundation
in design and manufacturing education and research. Before begin-
ning I'd like to offer on the basis of the comments I heard from the
previous panel that the written statement includes a specific list of
enhanced efforts to support improved design and engineering sys-
tems for the fiscal year 93 budget, the so-called $25 million addi-
tion.

Let me briefly summarize the thoughts in the written statement
now. I want to begin by describing a vision for manufacturing that
is the focus for the planning at NSF and indeed that of many other
related Federal agencies as well. And this vision is being forged out
of intelligent and farsighted reports and studies such—for example,
the NRC’s “Competitive Edge.” Its separate components, as dis-
cussed by Mr. Markovits in the previous panel, are presently under
development on factory floors, at universities and colleges, and in

government labs. The chalienge is to integrate these efforts for the
national good.

81
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Spurred by the global economy, the rapid development of ena-
bling technologies and the advent of a high performance national
information infrastructure—the so-cailed National Research and
Education Network is a piece of that—manufacturing is moving
toward a new paradigm where both the enhancement of physical
power from the Industrial Revolution and now the enhancement of
intellectual power from the Computer Age are synergized and con-
currently coupied to production, resulting in so-called lean, agile,
intelligent and adaptive manufacturing enterprises capable of re-
sponding yuickly to the demand for high quality, highly customized
products at lowest possible cost.

I want to add here, I used four words: lean, agile, intelligent and
adaptive. These words tend to surface now and then. They all
pretty much mean the same thing, and I want to emphasize we
shouldn’t get tied into any one word to describe the overall effort.

These highly competitive enterprises will incorporate productive
systems that support more rapid product development, shorter pro-
duction life cycles, and increased flexibility and efficiency in the in-
tegration of machinery, materials and human resources. They will
incorporate integrated methods for design, production and quality
control based on new knowledge and technologies, and they will be
responsive to social and environmental concerns.

These enterprises will compete in their capability to react quick-
ly to opportunities for creating shared wealth and to capitalize on a
climate of perpetual change and uncertainty. To rapidly develop
and introduce salable products at an increasingly faster pace, the
design process will be linked closely with marketing and eales at
the output end to know what customized features are desired, and
at the discovery end with research and development to capitalize
on the Nation’s extensive science and technologies base.

The new manufacturing enterprises wili utilize intelligent manu-
facturing processes that optimize outputs of the use of sophisticated
sensor systems and closed loop feedback control. As an example, on
a computer numerically controlled lathe tool wear will be sensed as
the part is processed, but the system can compensate for the wear
that continuously results, thereby permitting tighter tolerances
and fewer rejects. This was not possible previously without the
advent of good computer software and sensing techniques.

In a global economy, competitive success will accrue to compe-
nies that can absorb and apply new innovations quickly, ro matter
where those innovations originated and no matter the size of the
company. To build this capacity to respond, innovative couplings
between universities, industries and government laboratories must
be fostered to exploit new discoveries. For example, effective net-
works must be developed that link multi-level manufacturing ex-
pertise with the skilled factory floor work force and the engineers
who design, innovate and make things work.

At the discovery end, university researchers who push the limits
of process understanding will do in close association with industry
in order to focus research agendas on salient wealth creation ac-
tivities. Government laboratories must work hand in hand with in-
dustries and trade associations to develop and improve process
technology.
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As this new production world emerges, the skill base of the na-
tional work force becomes a dominant comparative advantage. En-
hancing the capabilities of workers to make decisions, convert ideas
into designs and products, and receive and implement new technol-
ogies develo through research is the true giand challenge for
our Nation. Meeting this challenge requires creating a complex in-
frastructure that enhances the thinking and information-handling
capabilities of the Nation’s work force. Indeed, manufacturing must
come to be viewed as a national asset, and jobs and careers in man-
ufacturing must be highly regarded.

NSF already has many of the essential elements in place that
underlie innovation in design and manufacturing systems and
could catalyze efforts to foster development and deployment of the
enabling technologies, systems integration knowledge and human
resources required to effect a timely shift toward more effective
procuction systems.

In fiscal year 1993 NSF requested $104.5 million for advanced
manufacturing research, an increase of $25 million over the fiscal
1992 base of $79.5 million. Within this base, NSF supports a broad
array of fundamental research, enabling technologies and educa-
tional activities involving a wide variety of partnerships among
academe, industry, the States and other Federal agencies. Let me
give you some examples.

Within the Engineering Directorate, about 20 university-based
centers are supported that focus on various aspects of design and
manufacturing technologies. For example, the Purdue Engineering
Research Center on Intelligent Manufacturing Systems is making
important advances in technology to integrate design, process and
quality control in a computer integrated manufacturing system for
quick turnaround, small-piece processing. The ERC for Net Shape
Manufacturing at Ohio State University focuses on high perform-
ance programmable process control technologies to optimize the
processes underlying our manufacturing industries overall.

Within the Computer and Information Science and Engineering
Directorate research is supported in the high performance comput-
ing and communications, hardware and software computing tech-
nologies, integrated microelectronic systems, graphics and visual-
ization, databases, automation, and machine intelligence.

The new Social, Behavioral and Economic Sciences Directorate at
NSF focuses on the human dimensions of manufacturing, such as
examining the ways that individuals function within manufactur-
ing systems and tl{e impacts of different organizational and man-
agement structures on manufacturing systems. And I would offer
here that the person who has been appointed to lead this new di-
rectorate is a sociologist who has done research on the human di-
mension in manufacturing, and that was a purposeful recruiting
aim.

In fiscal year 1993 NSF will build on this existing base of sup-
port, focusing on the development and integration of the various
elements needed to support improved manufacturing systems. NSF
?chévTity will complement related activities at DOD, NASA and

Last month, the White House announced that the Federal Co-
ordinating Council for Science, Engineering, and Technology
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(FCCSET) will be developing a coordinated interagency research
and development initiative in manufacturing. This effort will seek
to leverage the world-class technological capabilities of the Nation
to address the manufacturing needs of a broad sweep of industrial
sectors. This is a timely and vital activity, for real success will only
be achieved by teaming the top talent and best resources of govern-
ment, industry and academe workin together effectively.

In the end the test will be our ability to integrate an enabling
work force with enabling technologies and an enabling information
structure to manufacture products and systems which are increas-
ingly salable throughout the world. A corollary asset will be fresh
models for adaptive management and organization. And, in fact,
part of the NSF fiscal 1993 budget is a new management of tech-
nology program closely integrated with this manufacturing initia-
tive.

Mr. Chairman, that concludes my testimony. I'll be happy to
answer guestions when we get to that.

[The prepared statement of Dr. Bordogna follows:]
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United States Houte of Repressntatives
May 12, 1902
4 )

Chalrman Boucher, Mr. Packard, and members of the Subcommittee, thank you for
the opgottunity to teatify on the efiorts of the National Scienoe Foundation in
manufacturing educaiion and research. Before discussing the NSF programs in scme
detadi, aliow me to describs a vision for 21st Centuty Manutacturing that is driving the
planning at NSF and indeed that of other related federal agencies as well.

This vinion representss a growing consensus of knowiedgeabls people, and is being
farged out of inteligent, farsighted studies and reports, such as

(National Researoh Council), Made in Americe (MIT Commission on industrial
Productivity), and 213t Century Macutscturing Enteiise Strateqy (Manutacturing
Forum, Lehigh University). it is aiec being iluminated by such thought isaders as
Laster Thurow and Pater Drucker, and by exparience from federaily sponsored
manufecturing programa, such &8 NSF's Enginee:ing Ressarch Centers, NIST's
Manutecturing Technalogy Canters, and DOD's ManTech program. Let me bristly
deecribe this vision of manutaciuring to give you a context for understanding the
efforts 5f NSF and otiver agencies.

A Vision tor 21st Cantury Manufscturing

Spurre by the giobal competitive environment, the incressingly rapid development ¢f
new enabling technoligies, and the advent of high-performance computing and
communications, marufacturing is moving toward a new paradigm: where both
human physical and /nfeliectual power are synergized and coupled to production,
resulting in sc-oslied ‘ean and agile manufacturing enterpriees, capabie of responding
quickly 1o the demanxi for high quality, highly customized peoducts at the iowsst
poselbis cost.  Highly competitive Industrial enterprises wil Incorporats production
systems that support more rapid product development, shorter production life oyoles.
and incressed flaxibiiity and efficiency in the use of machinery, materials and human
resourcss. Thay will have integrated methods for deeign, production, and quality

control based on new knowiedge and teohnology, and they will be responsive to social
and environmentsl concems.

Future mgnufaduring erterprises will compete on their capabiity to react quickly o
opportunities for cresing wealth and to capitslize on a climate of psrpetusl change
and unzertainty. They will assimilate fieid experience and technological innovations
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easlly, continuaily mcdifying products, processss and servicas to incorporate them.
Since prooucts will bo continuously phaaing in and out of production, reprogrammebis,
reconfijurable, contiruously changesble production systems, integrated into a new,
Information intensive, manutacturing system will be required.

Design and manufaciure will be highly regarded as- & coordinated art and &
Knowladge-based Intograted process. To rapidly develop and introduce naw products
at an Increasingly faster pace, the design process thus becomes & production
capsbility. Atmomrund.dodgnlmmwuﬂnmmm marketing
and 90108.90 know what customized.featuces are desired; ot the disoavery end, with
research and development 10 capitsiize on thenalion’s extensive salence and
techncogy baese. in acidition, the growing oapablity to develop new ‘designer”
mmwummmmmmmmmmwmmm

on prouuct design.

Future agiie enemriges will utiilze inteliigent manutacturing prooesees that optimize
memuuofmmwmmwmptm
control. For exampie, on a Computer Numencaily Controtied {CNC) iathe, tool weear
willboamdnmopmbpmomodootmmmmmoommmm-
mmmmWmemmandMMIth
cnﬁuproduuﬂfooydowﬂlbovhwoduc'dondbop'pm In this sanee,
Mwmmmmuwmm.mmmmw
uugnmawummpmandphnbtmmnwdmydtngotpmmmo
reusable starting materials.

In the global mmmy.mpoﬁﬂv'wmwmowwwmaunm
m.pplymlnmmwddy-nomw%mw

capaoily - rather than Mmumwmww-md«mmm
mwmmmﬂumMMntm.mwwnmm
Mmmdumm“mlmmmmwnuwn for govemment. To
respond, innovaive coupiings between universities, industry and govsmment
[abaratories must be fostered to expioit new discoveries and apply enginsering
sduﬁomnmmmmpwumem,mwath lini
Mmmmowmwmwmw
onoimuwhoml.lnnwm“mm\vom

At the siscovery end, university researohers who push the imits of process
ummwmwmmmmlmmmwwm
mmmaﬂoﬂ.'mww'wu.emmmmmmm
hand-in-hand with incilustries and trade sssociations 10 deveiop and Improve proosss
- technoiogy. New reglonai menutacturing centers will focus on advanoad process
tmmloommdmmlondmmmbmmmmmm
innovaion snd deployment, coupled with worker scducationfraining a8 major gosis.
Theee regional foci will promote & "cuiture” of continuous creativity and innovation, and
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will be aupported by coopenitive iinkages with lndustry, state and federal
governinants, and trade associations.

As the aglle production worid emerges, the skill base of the national workforce
becomes the dominart companative advantage. Enhancing the capabilities of worke:s
to make decisions, convaert ideas into designs, and receive and impiement new
technologiss deveioped through ressarch is the true “grand chafienge® for our nation.
Moeting) this challengo requires creating & compiex infrastructure that enhanoces the
thinking and information handiing capabliities of the nation's workioroe.

Manulaciuring-sidisimprovement-is criioni4o stcasemin acvanced.manufackxing,
The industrial base must be able to use new compulencommunications-based

acquire levels of education and skill that they have not had to have in the past,
Allirnces must develop between industry and academe to identifty and depioy ths
critical knowledige anci skills required for agile manufacturing. New technologies must
be hamessed to delivar this knowiedge, such as using television and computer-
communication links t3 industriai sites and community colieges tc provide seminars
and workshops skilis.

in the fiture incustrial enterprise, technicaily-oriented professionals must be able to
quicidy absord and integrate new knowiedge into the deeign, production and
managoment process. Education must empower and enable them to assume
stronger ieadership roies. Currenily, manufacturing is of low profile interest at many
unmmmuwnummmmwwngmmm
littie experience in how things are made. This must be remedied by changing the
cunurlMaadomtomuommmrﬁonmdmmqmm“hlmyuh
discovery. in the futurs, manufactuting must comae to be viewed as a national asset
and catgers in manutacturing must be highly regarded.

What te Netionsl Sclence Foundation oen do

NSF alioacty has many of the essential siements in place that underiie innovation in
design and manufacturing systems, anc couid catalyze efforts to foster the
development and depioyment of the enadiing technologies, systems integration
knowiedge and human resources required to effect the timely shift In paradigm toward
agile and lean production systems.

NSF's long-term stratogy ls to caisiyze development and deployment of the enabling
technoiagies and systems integration knowledge and to address problems reiated to
the effective use of human resources. This strategy bullds on basic research and
initiativas In education and human resources, advanced materials and processing,
advanced manufacturing, management science, and high-performance computing and

3
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communications. The pian Is 10: (1) suppart the scientitic and technological base for
advanced manufacturing; (2) [neoract with the cuiture and context of university
research and education toward support for "agile” manutacturing, (3) address the neid
for curnculum and latoratories essentisl to meeting the human resources needs in
manutscturing, and (4) uple industry with acadsme in order to Integrate the effort
and depioy human talent and technology. NSF activity complemants related activities
at DOL, NASA, and NIST.

The FY 1862 Base

industry, the states, and

research underlying the technicsl base and the more focused FCCSET initiatives on
advanced materials and processing, education and humaen resources, and
high-performance computing and communications.

Within the Engineering Directorate (ENG), about 20 university-based oenters are
aupponed(lnooopmﬂonwminw) that focus on various aspects of deaign and
menufacturing technolcgies. For sxampie, the Purdue Engineering Resea:ch Center
(ERC) on Inteligent Manufacturing Systeme is making important advesoces in
technoiagy to integrate design, processing, and quaity control in &

reted manutacturing system for quick-tumaround small-batch

Smail Eusiness lnnavation Research (SBIR) program, which encourages firms to
commercisize manufaocturing technology. in FY 1991, SBIR manufaoturing grants
totsied about $5.5 million,

The Computer and kriormation Science and Engineering (CISE) Directorate’s
MWMMMmWWrmlnmon
technoiogies that support distributed design and intelligent manufaoturing of objects:
system-evel lasues that arise in understanding, wodeing, and integrating the
con\pommMmm‘nmwwmmm:m
the computing and networking infrastruciure and 80rvViOsS NOCREBAT” (™ MAke
distributed manutacturing a reality. The CISE base supports research in
high-psriormance coriputing and communications technologies, hardware and
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software computing tuchnoiogles, integrated microslectronic systems, graphics and
visuallzatiun, databases, automation, machine inteliigencs, and other enabdiing
technoiogies, and the application of infsrmation sciance and technology to
manufsctuting. CISE, DARPA, and MANTECH are supporting & national design study
on advianosd manufacturing technologies ana systems. A workshop on Information
Technclogy and Manutacturing in May 1982 provides a platform for the FY 1893
intigtive in this ares.

The new Social, Behavioral and Economic Sciences (SBE) Directorate focuses on
human dimensions of manufacturing. For exampie, SBE research is sxamining the
wayethatindleidusis.dunciion within manufeciuring systems and the impacis of
clifferert organizational and ManageMent StruokIres on ‘menuiackring systems: R is>
aiso examining modais and aigorithms for designing and rmanaolrg

processes, and different decision-support systems and reiated Information
technologies that affect management of producticn Processss. Many projects-are
being funded coliaboratively by private firms through & special joint private-sactor
Initiative.

The Muthematical and Physiosi Sdlences (MPS) Directorate is expioring dynemic
modeis of materiala properties and bahavior 10 provide realistic simulation of materizis
performance in production processes; and is aiso using svoiving mathematical
technicues, such as ntochastic modeling, and statistioal quality control, 1o optimize and
control physical manufacturing processes.

There are aieo a number of Salence and Technology Centers (STCs) that advance
manuftctuting technelogy, Support is aiso provided for educstion and human
resourtes, such as student fellowships and trainesshipe;

aimed &t sngineering educstion reform; research e

studems; expanded participation of women and minorities; and laboratory developmant
projects. There are a0 Engineering Faculty intemships to further encourage facuity to
conduct research within an industrial setting.

The FY 1983 Effort
In EY “993. NSF will bulld on this existing base af support, focusing on the

develooment and integration of the various eiements needed to support 218t Century
manufnoturing systens. These include:

. Intelligent manufacturing procuuc that optimize outputs through the uss o!
sophisticatad nensor systems and closed-ioop feedback controls.

New tachnologies for intelligent manufacturing and their integration into
compiets systoms.
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3apid prototyp ng of pans ana products through the use of CAD toois and
:abncation techniques.

2AD/CAM tools and integrated systams for design, analysis and simutation of
manutacturing processes and products that can be used throughout the entire
procuct lifecycle.

iNew systoms tor distributed design and manufacturing &nd ways to link
processes via Integrated software and hardware and the development of the

NI S S o e A S e SAAENRE S AV SIS T s
viociels for distributed manufacturing systems and integrating the informational
and physical aspects of advanoed manufacturing.

(Wicrofsbrication techniques and maethodologies to permit the low-oost -
procuction of microsiectronic, siectromechaniosl, and integrated
imicrosiectricalinechanical devices and products.

Environmentally benign processss that minimize any potential negative impacis
un the environinent.

. Techniques for the management of new technoiogy.

In the long run, the goai of this FY 1683 integrated intiative is to deveiop the
capability to model and integrate the complete product {ife~cycle from customer
interaction and produst conosption to finsl product delivery and distribution, coupling
technoiogy %0 managurial and economic requirements, and inocomorating such
practions as fotal quality management, conourrent enginesring, and integrated
logistics. .

In the short run, the vitakty of U.S. manufucturing will depend on: (1) successfully
incorperating extant end state-of-the-art technoiogies and best sngineering and
managament practions Ints incustrial enterpriees; and (2) improving work force
education anc! training, including appiying the latest educational technologies. NSF will
fietwork existing cesinn and manutacturing ressarch conters t0 other etiorts fociwed
on educstion reform and tachnology transfer, such as the NIST Manutacturing
Technciogy Centers, and the State Industry/University Cooperative Ressarch Centers.
There am also plane 10 setablish additional incustryAiniversity cooperative researoh
oanters: focused on edvanoced menutacturing keyed to sconomic development
strategies for states, ‘Mth technology. transfer and worker educsion and training a8
mejor program components. .

In conciusion, lst me emphasize that the nation must rediscover and cedicate itseif to
the development of manufraturing technologies, based upon the reslities of the global
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market. A national effort must be erectad 1o develop the infrastructure requirements
for agile manutacturing. Last month the White House announced that the Federal
Coordiriating Counil for Science, Engineering, and Technology (FCCSET) will be
Geveloping a coordineted interagency ressarch and deveiopment initiative in
manufsaturing. This stfort will seek to leverage the world-class technoiogioal
capablifies of the United States to address the manutacturing needs of a broad awesp
of indussirial sectors. This is a timely and vital activity, for real succees will only be
achieved by teaming mﬂoptdomandboumoumofommm.lmm
mmmm
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honbcbnyound-y 1 will be happy to answer any questions that yau or you
colleagues may have.
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Mr. BoucHEr. Thank you, Dr. Bordogna.

Dr. Solberg?

Dr. SoLBERG. Good morning, Mr. Chairman, members of the sub-
committee. Thank you for the opportunity to appear before you

y.

I bring a hopeful message. Over the past 7 years, I have seen a
transformation at my university driven by the ERC program.
Before the ERC, we were like most universities still are, very indi-
vidualistic, fairly remote from industry, lacking any real cross-dis-
ciplinary integration, and educating our students as narrow spe-
cialists with strong analytical skills but little emphasis on design.
The ERC has changed that. We are now educating students to work
in teams with people from other disciplines. We conduct our re-
search with the direct participation of industry. We are carrying
out a long range strategic plan.

The way we do research is different, and the nature of the re-
search is different. The way we do the education of students is dif-
ferent, and the character of that education is different. And the
wgghwe work with industry is different.

e reward system has been permanently changed. That’s some-
thing we may want to discuss further.

I think the best thing we have done is to get the best and bright-
est students to see manufacturing as an appealing career track. I
know that other ERCs have had similar experience, and I believe
we've had success in changing the culture of the university beyond
the hopes of the architects of the program back in 1984 or 1985.

There have been a number of independent studies that confirm
this success by the Government Accounting Office, by the National
Academy of Engineering and others. To me the most compelling
evidence comes from a recent study—I'm not sure it's been re-
leased yet. It was conducted for the National Science Foundation
by an independent group from, I believe, the University of Wash-
ington. And what they did was to survey the employers of gradu-
ates of the program. These employers indicated that the students
they had hired were superior in several ways. They were better
grepared to work in industry. They were better working in cross-

isciplinary teams, quicker at getting up to speed, they had a
?e:ttﬁr sense of the whole system, were better at design, and so
orth.

The single best indicator of their satisfaction was that they
wanted to have more of these same kind of students. So based on
that I have three recommendations.

There should be more ERCs. It was originally, I think, an experi-
ment. We now have enough evidence to_conclude the experiment
was successful, so I think the number of ERCs should be increased.
Not that they are the only way to succeed, of course, but this is one
method that works.

Secondly, the existing ERC should be sustained and possibly ex-
panded. You know, we have an unfortunate tendency in this coun-
try to want to plow new ground rather than harvest the orchards
that were planted several years ago. Theat’'s one of the ways we
differ from the Japanese and other competitors that we're atten-
tive to. So 'm just reminding you that this—when we find some-
thing that works we should try to exploit it.
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Third, and this is a different issue. We need to be more proactive
in involving underrepresented groups in engineering. Particularly,
women and minorities are going to be needed as part of the work
force, the technical work force in engineering and they have his-
torically been underrepresented, as you know. The ERCs are taking
this issue as part of their mission, particularly over the last 2 or 3
years. The National Science Foundation has created some new ini-
tiatives in this area. Probably more could be done.

Again, thank you for this opportunity to speak, and I'd be happy
to answer questions.

[The prepared statement of Dr. Solberg follows:]
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Director, Engineering Research Center for Intetligent Manufacturing Systems
Purdue University, West Lafayette, Indiana

Before the Subcommittee on Science,
Committee on Science, Space and Technology
U. S. House of Representatives

Mr. Chairman and members of the committee:

Thank you for the opportunity to appear before you today. Iam the Director of
the Engineering Research Center for Intelligent Manufacturing Systems at Purdue
University, one of the ERCs established by the National Science Foundation starting in
1985. The ERC program was designed specificaily to help American industry become
more competitive by addressing a number of perceived weaknesses in the infrastructure
that supports innovation. These weaknesses included such factors as the narrowness of
technical disciplines, the gap between universities and industry, an inadequate empharis
on design, and the lack of attention to *systems” issues in our engincering education
systera.

At the time the program began, the ERCs represented an cxperiment to determine
whether radical new approaches to engineering education and research could really take
hold in universities, which, like most of our farge institutions, tend to resist innovation, I
can now report that the experiment was a success. In fact, the ERCs have accomplished
more in less time and with less money than any of the people who created the concept
expected. This fact has been confirmed by a number of independent studies.

One very recent study surveyed the employers of graduates of several of the
ERCs, including our own. The employers indicated that these students had been better
prepared in several important ways for working in industry than the usual engineering
students. Perhaps the best indicator of success was that most of the respondents were
eager to hire more of the students graduating from these ERCs.

A profound change, which some have called a “change of culture," has occurred
at those universitics where ERCs are located. It would be better to call it an enrichment
of the culture, because we are really adding to the strengths of our traditional approaches
to research and education, which are still the envy of the world. Regardless of how the
transformation is labeled, the ERCs have cultivated an evolution to a new academic
research environment in which the disciplines work together to tackle the larger scale and
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more technically diverse problems that occur in advanced technology today. The faculty
are also working much more closely with partners in industry, which provides direct and
indirect benefits to both sides. The smooth transition of research results from the
university laboratories into industrial use, the awareness of the real needs of industry on
the part of the researchers, and the educational process itsclf are all better served by this
nRew environment.

The research carried out under the ERC is all cross-disciplinary, and is oriented
toward the specific needs of industry. Some fifty companies have collaborated in our
center. In addition to leveraging the funding from the National Science Foundation for
highly cost effective financing of research, the facilities, expertise, and guidance provided
by industry enable the ERC to attack large scale, realistic probiems that could not
otherwise be addressed in a university. The experience provided to students in dealing
with the “real” problems is invaluable in preparing them to assist in the competitiveness
challenge faced by American industry.

Examples of the technological advances include a Quick Tumaround Celi for
rapid production of one-of-a-kind machined parts, a high-level computer modeling
system to support product design and analysis, process models for improved control of
several types of manufacturing processes, and basic theory and methodclogy for planning
and control of assembly operations. All of the projects follow a ten year strategic plan
leading to an integrated demonstration of the world's first Intelligent Manufacturing
System by 1995.

Along with many technical advances, the ERC research has provided new
approaches to product design, to manufacturing process control, and to system
integration. The pace and quality of technology transfer have been improved by the
unique mechanisms for interaction between the university and industry. The ERC has
permanently changed the culture of the university, and also promoted changes in industry
that encourage innovation for competitiveness. Finally, none of this would have
happened without the ERC, or some similar kind of organization.

So what of the future? The coverage of the existing centers, from either a
technical view or the number of companies and universities influenced, is still quite
small. In order to have 2 large impact upon the nation's industrial practices and the
educational pipeline, there should be more such centers. The evidence that they work is
substantial, and the mnodels for how to do it are available.

Secondly, we need to sustain and expand the effort at existing ERCs. Many of the
existing centers have developed new concepts in their laboratories which are ready for the
next stage in development, which we might call "functional prototyping.” These
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functional prototypes would be working versiors of the new technical concepts. They
would provide private industry with a proof of the viability of new concepts developed in
the universitics, and thereby provide a rational basis for a business decision to develop or
adopt the new technology. These functional prototypes could go a long way toward
filling the gap between what universities can do in their laboratories and what private
industry can do based upon profit incentives.

Third, we need to broaden our educational programs. In particular, we need to
make a serious effort to bring more women and minorities into the mainstream of
engineering. As you no doubt know, these groups have a disproportionately low
representation in the profession, but we are trying to change that. The factory worker of
the future, as much as in every other sector of our cconomy, must possess marketable
skills to remain employable, and the standards for these skills are rising. Our country
must not fail to develop the full technical capabilities of all of our young people.

In closing, I would like to emphasize again that our most important product is our

- students, We in the universities have the opportunity to influence bright young people at

the time they are choosing their careers. It is a time in their lives which is of great
importance not only to them as individuals, but to the nation, Thope we can inspire them
to turn their talents to productive goals, to prepare them to help American industry
maintain its competitive edge, and to stimulate them to continue that thrust throughout
their lives. I cannot think of anything more vital to the long term security of America than
this.
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Mr. BoucHEiR. Thank you, Dr. Solberg.

Dr. Agogino, we have already introduced you. We welcome you
this morning. And your written statement will be made a part of
the record. We would welcome your oral summary.

Dr. Agogino. Thank you, Mr. Chairman, and members of the
subcommittee, for the opportunity to testify before this panel.

The Synthesis Coalition iis comprised of the following eight edu-
cational institutions: California Polytechnic State University at
San Luis Obispo, Cornell, Hampton, Iowa State, Southern, Stan-
ford, and Tuskegee Universities, and the University of California—
Berkeiey, from where I come. We represent diversity in geographi-
cal locations as well as variety in size, mission and institutional
t .

The patterns of current engineering culture in industry reflect
those of our educational institutions. We as educators have an op-
portunity to change that culture of engineering education which in
turn will filter into the industrial environment. Several recent
studies from the National Research Council, of which you've been
summarized this morning, predict that not only do industrial and
academic institutions need to restructure to meet today’s competi-
tive pressures, but the enﬁ‘ineer of the next century will need a
much broader range of skills. .

The goals of the Synthesis Coalition are to develop an infrastruc-
ture and blueprints for model programs that will (1) systematically
restructure our undergraduate curricula to meet the needs and
competitive pressures of the 21st century and (2) substantially in-
crease the number of underrepresented minorities and women in
the undergraduate engineering programs and our graduate school
pipeline. As a coalition with a shared vision and diverse, yet com-
glementary, strengths, we will be able to attain levels not possible

y funding individual researchers, and we have structured our ef-
forts and goals such that the NSF funds have provided substantial
leverage for additional industrial funds, institational matches and
collaboration.

Our strategy for curricula reform is directed towards solving
nine very specific problem areas. I will focus my testimony on
those that are related to integrated design and manufacturing edu-
cation.

Our students today are not exposed to enough synthesis and
open-ended problem solving. Our curricula tends to be compart-
mentalized without enough interdisciplinary content. Students’
progress through our curricula are digjointed and poorly integrat-
ed. There is little concurrent engineering and life-cycle design syn-
thesis taught. Concurrent application of multiple disciplines
through the product realization cycle requires team design experi-
ences which are largely absent from the curricula today.

Not enough exemplary industrial design practice and experience
are embedded in the curriculum. In particu?ar, as recommended in
the NRC report on improving engineering design, there is a need to
communicate successful or design practices from industry. _

The consequences of these problems in the engineering curricu-
lum today are that the production of engineering graduates that
are skilled at disciplinary analysis. We do do that well. But they
lack skills in synthesis, inter- and multi-disciplinary problem solv-
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ing, concurrent engineering, teamwork and communication. Not
only are we producing engineering graduates that are narrowly fo-
cused and not prepared for the competitive pressures in industry
today. We are also systematically losing those very students that
could provide leadership in business and public policy.

In addition, we are not exploiting the diversity and strength of
our Nation’s huizan resources. The engineering graduates we
produce do not reflect the ethnic diversity of the U.S. population.
The appaliing lack of female representation in the engineering
ranks transmits the perception to our young women that the field
of engineering is not open to them, and thus they do not apply to
our engineering programs.

I believe the U.S. should exploit this diversity and use it as an
asset, not a liability. If large portions of our population are disen-
franchised to this Nation's technical leadership and development,
our race relations will only continue to suffer and we will not have
met the broader needs of our multicultural Nation. Our ability to
compete in an international marketplace requires utilizing the
broad range of talent that exists in our population. Plus it is appro-
priate that the engineering pipeline should be a high priority in
the Coalition’s strategic plan.

Our vision of an integrated curriculum is one in which the sepa-
rate curricula pieces will be woven into an engineering tapestry to
provide breadth while maintaining a commitment to engineering
fundamentals. In particular, it is our view that design and manu-
facturing education should not be separated subjects, but part of an
integrated whole within a broader societal context. Sensitivity to
market issues, environmental concerns, and quality design and
manufacture of engineered products require a change and a mind-
set that cannot be taught in a single course. One does not provide a
catalyst for cultural change by means of a single course. These con-
cepts must be woven throughout the curriculum, starting at the
freshman level and preparing students for a career of lifelong
learning.

In conclusion, I believe that the NSF Undergraduate Engineer-
ing Program is a creative and promising solution to many of the
problems that I have outlined. It couples predominately undergrad-
uate institutions with major research universities. It has allowed
us an opportunity to work with Historical Black Colleges in setting
curricular strategies that are implementable to a wide range of in-
stitutional settings and to tackle critical humsn resource problems.

Going beyond the goal of effecting small level changes at a par-
ticular institution, the Ccalition program has the potential for
making broad-ranging systematic changes across our Nation's
system of higher educztion. Engineering 2ducation cannot develop
in a vacuum, however. Continued support for research and design
in manufacturing methods and technology is of paramount impor-
tance. Research and education should be viewed as complementary
intellectual endeavors.

That concludes my testimony. Thank you.
¢ l[iI‘he] prepared statements of Dr. Agogino and Mr. DeZutter

ollow:
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Mr. Chairman and Members of the Subcommittee:

Thank you for the opportunity to testify on Manufacturing Education and the
programs of Synthesis: an Undergraduate Engineering Education Coalition,
partially funded by the National Science Foundation.

1 will focus my testimony on three issues: What we teach, how we teachand wh»
we teach.

OVERVIEW OF THE GOALS OF SYNTHESIS

The Synthesis Coalition, supported by the National Science Foundation and
industrial partners, is comprised of the following eight educationai institutions:
Calisornia Polytechnic State University at San Luis Obispo, Cornell, Hampton, Iowa
State, Southern, Stanford, and Tuskegee Universities, and the University of
California at Berkeley. We represent diversity in geographical locations as well as
variety in size, mission and institutional type. The focus of all our Coalition
projects is on synthesis; a blend and fusion of new curricular strategies designed to
create a new breed of engineer, who is skilled at multidisciplinary open-ended
problem solving and design within the context of broader societal factors.

The patterns of current engineering culture in industry reflect those of our
educational institutions, We as educators have an opportunity to change the
culture of engineering education which will in turn filter into the industrial
environment. Several recent studies have shown that not ouly do industrial and
academic institutions need to restructure to meet today’s comptitive pressures, but
that the engineer of the next century will need even more skills [1-3]. These
engineers “will need to play a broader, overarching role described variously as a
generalist, a system engineer, one combining technical competence and social-
political-financial competence” [1]. “"What modern manufacturing needs a..2 is not
getting are master technicians and Renaissance engineers. Instruction . . . should
emphasize the application of new ways to improve quality and productivity, such as
techniques for robust design, quality programs, production control mechanisms,
and new accounting systems . . . [2]. .. design must be distributed throughout the
engineering curriculum, beginning with introductory design courses, which serve
the dual purpose of introducing the design process and demonstrating the relevance
of the engineering courses to design, and coatinuing as a part of more advanced
engineering courses”[3 ].

The goal of the Synthesis Coalition is to develop an infrastructure and
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blueprints for model programs that will (1) systematically restructure our
undergraduate curricula to meet the needs and competitive pressures of the twenty-
first century and (2) substantially increase the number of underrepresented
minorities and women in undergraduate engineering programs and the graduate
school pipeline. As a coalition with a shared vision and diverse yet complementary
strengths we will be able to attain levels not possible by funding individual research
projects. We have structured our efforts and goals such that the NSF funds will
provide substantial leverage for additional industrial funds and collaboration.

The major goals of the Synthesis Coalition in integrating the undergraduate
engineering curriculum are highlighted below in each of four thrust areas:

Curriculum: Develop, test and implement new engineering curricula through
use of interdisciplinary curricular options, modular materials, new information
technologies, and horizontal and vertical integration of topics.

Supporting Technologies: Develop and implement the computer-based National
Engineering Education Delivery System (NEEDS) to archive and provide
national access to a broad range of curricular materials. NEEDS is an entirely new
educational delivery system which will provide widespread, rapid, electronic
access to an almost arbitrarily large number of diverse instructional modules.
Curricular material in NEEDS will be organized by both disciplinary and
interdisciplinary indices. Links across disciplines will be provided in the form of
“curricular paths" through the database. Eventually, NEEDS will be available
not only to this Coalition but to all engineering schools, both as a library/database
and a broad distribution channel for the results of their work in developing new
concepts, methods, curricula and tools.

¢ Pipeline: Recruit and retain to Bachelor’s degree more undergraduate students,
especially women and under-represented minorities through a program of
intervention, retention, enrichment.

¢ Linkage: Establish strong relationships among institutions with the Coalitions
and with the wider engineering education community so that the above results
are quickly disseminated and adopted by other engineering schools.

CRITICAL PROBLEMS IN ENGINEERING EDUCATION TODAY

Our strategy for curricular reform is directed towards solving the nine critical
problem areas identified below. Compartmentalized curricula have contributed to
many of these critical problems, as they hinder the development of open-ended
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problem solving skills required to perform multi- and inter-disciplinary synthesis.
As shown in the schematic of the typical curriculum path in Fig. 1, the student’s
progress through this compartmentalized curricula is disjointed and poorly
integrated.

1. Synthesis. Students are not exposed to enough synthesis and open-ended
problem solving experiences. We teach too much content and not enough
process.

. Interdiscivlinary Content: Curricula tends to be compartmentalized without
enough inter- and multi-disciplinary content. Students progress through our
curricula is disjointed and poorly integrated.

. Delivery Styles: Delivery styles are outdated and do not effectively utilize
modern information technologies. Learning style differences and cultural/ethnic
diversity are not uniformly considered in the classroom.

. Concurrent Engineering. There is little concurrent engineering and life cycle
design synthesis taught. Concurrent application of multiple disciplines through
the product realization cycle requires team design experience which is largely
absent in curricula today. The concepts of designing for manufacturability and
quality, meeting market needs, and time to market have been largely absent from
the education of engineers until very recently.

. Industry. Not enough industrial practice and experience are embedded in the
curriculum. In particular, there is a need to communicate successful or “best”
design practices from industry in which the firms develop an environment and
commitment to continuous improvement throughout the product realization
cycle, which is supported by top management and concurrently integrates life
cycle aspects of a product, including design and manufacturing [3].

. Laboratory/Hands-On. Insufficient hands-on and laboratory experiences are
offered to undergraduate students. In recent years, this situation has become
worse rather than better. In recent years, we have witnessed a deterioration in
our laboratory facilities at the undergraduate level.

. Curriculum Turnover: Curriculum turnover is too slow and mechanisms for
bringing new research and technologies into the undergraduate classroom are
lacking. Even large research universities, which do a good job at adding the latest
technology into graduate courses, find it difficult to update their undergraduate
programs.

8. Social Context: vocietal factors are neglected in conventional curriculum. The
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engineer as a decision maker must be able tc evaluate and communicate to sociai
implications of technclogy. Another conzern is the lack of consideration of ethnic
and cultural diversity.

9. Communication: Students lack adequate communications skills upon
graduation. This is perhaps one of the greatest complaints that we hear from
industries who hire our graduates.

The consequences of these problems in the engineering curriculum today are the
produciion of engineering graduates that are skilled at disciplinary analysis but lack
skills in synthesis, interdisciplinary problem solving, concurrent engineering, team-
work and communication. Not only are we producing engineering graduates that
are narrowly focussed and not prepared for the competitive pressures in industry
today, we are also systematically losing those very students who could provide
leadership in business and public policy. In addition, we are not exploiting the
diversity and strength of our nation’s human resources. The engineering graduates
we produce do not reflect the ethnic diversity of the U.S. population. The appalling
lack of female representation in the engineering ranks transmits the perception to
our young women that the field of engineering is not open to them.

STRATEGY FOR CURRICULAR REFORM

Our strategy for curricular reform is based on dual but complementary
approaches: sy:.ematic restructuring and modular experiments. Systematic
curriculum resiructuring is the long range goal of multidisciplinary curriculum
working group. of faculty who evaluate and build on the lessons learned from

corresponding modular experiments. Broad classes of these curricular and pipeline
experiments include: concurrent courseware, self-paced laboratories, synthesis case
studies, computer-aided prototypirg, research on learning styles, learning centers,
computer integration, faculty training and international outreach projects. Many of
these projects have active pariicipation from industry and our national laboratories.

Our vision of an integrated curriculum is one in which the separate curricular
pieces” will be woven into the engineering tapestry to provide the breadth needed
for the engineers of the future, while maintaining a commitment to engineering
fundamentals (Fig. 2). In particular, it is our view that design and manufacturing
education should not be separated subjects but part of an integrated whole within a
broader societal context. Sensitivity to market issues, environmental concerns, and
quality design and manufacture of engineered products require a change in mind set
that can not be taught the second semester of the senior year in a traditional
capstone design course. One does not provide a catalyst for cultural change by
means of a single course. These concepts must be woven throughout the
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curriculum, starting at the freshman level and preparing students for ccatinuing
lifelong learning process after graduation.

Although the Synthesis Coalition is working with industry and several of the
NSF Engineering Research Centers to bring good product realization practices into
the classroom through a large array of curricular materials, including multimedia
design case studies, manufacturing courseware and games, role playing exercises,
rapid prototyping software and integrated engineering enterprise concepts, it is clear
that the knowledge available is limited. More work is needed at the research level
to develop improved design and manufacturing methods.

THE NEED FOR DIVERSITY: WHO WE TEACH

I would like to end with a few comments concerning who we teach. The early
part of the nineteenth century gave us an engineering profession that was
predominately white and male. In the second half of this century, we witnessed an
increasing percentage of foreign-born engineers in our undergraduate and graduate
engineering programs, leaving the female half of our population and an increasing
percentage of ethnic minorities behind. I believe that the U.S. should exploit its
diversity and use it as an asset rather than a liability. If large portions of our
population are disenfranchised to this nation’s technical leadership and
development, our race relations will only further suffer and we will not have met
the broader needs of our multicultural nation. The Synthesis Coalition has major
goals in increasing the number of women and ethnic minorities that enter our
undergraduate programs and continue into graduate schools. In addition to
improving the content of the curriculum, 've have establisiied a strategy for

evaluating our programs to take into account diversity in learning styles and
addressing those aspects that may adversely affect the retention of engineering
students [6].

The question of “who we are teaching” should be an integral part of any
program aimed at improving design and manufacturing education and should not
be placed as a secondary issue. How we teach and what we teach should only be
approached within the context of who we teach. Our ability to compete in the
international marketplace requires utilizing the broad range of talent in our
population. Any cultural change in industry and government concerning
improving the environment for quality engineered products must take the people
that make up the engineering enterprise and the changing diversity of its make-up
into account.

CONCLUDING REMARKS

In conclusion I believe that the NSF Undergraduate Engineering Program is a
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creative and promising solution to many of the problems that I have previously
outlined. It couples predominately undergraduate institutions with major research
universities. It has allowed the research universities an opportunity to work with
Historical Black Colleges in setting curricular strategies that are implementable to a
wide range of institutional settings and to tackle critical human resource issues.
Going beyond the goal of affecting small local changes at a particular institution, the
Coalition program has the potential for making broad ranging systematic changes
across our nation’s system of higher education. Improving integrated design and
manufacturing education should be a primary goal of NSF sponsored programs in
engineering education, with support from industry, national laboratories and
government. It is of primary importance that these large scale efforts be supported
and evaluaticn procedures be established to verify that these goals are being met.
Engineering education can not develop in a vacuum, however. Continued support
for research in design and manufacturing methods and technology is of paramount
importance. Research and education should be viewed as complementary
intellectual activities.

On a personal level, I am an enthusiastic supporter of the NSF Coaltion
program. I entered into the proposal phase because I and my colleagues believed
that major structural changes were needed if the United States was to continue to be
a world leader in the production of engineered products. Each of us knew we could
not enact lasting change alone. The level of support from industry and our
educational institutions has greaily exceeded my expectations. At the University of
California at Berkeley I have witnessed a revolutionary change in the attitude of
faculty and administration concerning undergraduate education. I have reports of
the same trend in our sister Coalition schools. In addition to providing resources
for the programmaiic changes that were specified in our strategic plan, I am
receiving a surprising level of support from the top levels of my administration,
including the Chancellor and the President. During this rough period of sharp
budge. cuts and belt tightening, university matches to Coalition programs have been
preserved and strengthened. A significant number of top research and teaching
faculty are engaging in Coalition activities. Educational issues are becoming a major
factor in the evaluations for promotion, as are affirmative action and outreach
programs to support K-12 education. Industry has matched the NSF dollars many
fold and they have become equal partners in our developmental efforts. I believe
that these changes would not have happened without the monetary and intellectual
support of the National Science Foundation and its advisory boards. The NSF funds
have truly provided unprecedented leverage from industry and within our own
universities.
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KR, CHAINMAN, MEMBERS OF THE SUBCOMMIZTTES:

I AM JIM DE ZUTTER, A MEMEER OF TEE INTERMATIONAL GOVERNWENT
NEIATIONS COMMITIEE OF TXE SOCIETY OF MANUFACTURING BNGINEERS. I AN
CURRENTLY EMPLOYED BY DIGITAL EQUIDPNEWT CCRPORATION AS ITS MANAGER OF
YAMNUFACTURING STRATEGIC PROGRAMS WITH THE GOVERXMENT. I ARPEAR TODAY
OX BENALF OF7 THR SOCIETY OF MANUFACTURING ENGINEMRS WHICH Il PLEASED
TO COMMENT ON THE COMTINUALLY INCREASING MRED FOR MAMUFACTURING
ARSEARCH AND EDUCATION,

THIS WEEK TEE 75,000 WEMBERS OF TXE SOCIETY OF MANUSFACTURING
ENGINKZRS CELESRATE THE 607X ANWIVERSARY OF TEEIR PROFESSIONAL
ORGANISATION. S8INCE ITS FOUMDING IK 1932, THN SOCIZTY EAS YOCUSED IT8
EFYORTS ON THX PROFESSIONAL DEVELOPMENT OF ITS MEMBERS. IT RECOGNILES
THAT CONTINUING INPROVEMENT IX TR ABILITIES OF THOSKE CHANGED WITH
MAKING TKE PRODUCTS THAT AMERICA NEEDS I8 KRY TO GENERATING TAE
WBALTH REQUIRED TO IMPROVE OUR STANDARD OF LIVING. THROUGH ITS
EXTENIIVE PROGRAM OF CERTIFICATION, CONTERRNCES, COURSES, CLINICS,
PUBLICATIONS, AND BXROSITIONS THE SOCIETY EXTENDS TO ITS MEMBERS AS
WELL AS OTHERS IN TKE NMANUFACTURING FROFRSSICH, TEE LATEST ADVANCES
IN MAWUFACTURING TECENOLOGIES ARD PROCESSES.

A PARTICULAR SOURCE OF PRID® I8 THE SOCIETY’S MANUFACTURING
EWGINEERING RXDUCATION FOUNDATION. IN 1991, THE FOUNDATION AMARDED
GRANTS IN EXCESS OF $1.6 MILLIOM TO UNIVERSITIES AMD TECEMICAL
INSTITUTES. TEESE FUNDS ARE USED 7O $TRENGTHEN NAMUFACTURING
ENGINEERING AND TECKNOLOGY PROGRAMS AT MORTR AMERICAN SCNOCLS. TEE

SIGUITICANCE CF COMDUCTING THIS KEARING ON THIS PARTICULAR SUBJECT AT
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THIS PARTICULAR TIME IS IMPORTANT TO THRE SOCIETY AND TO TFOSE WHO
NAKE MANUTACTURING THEIR LIFE'S WORX.

BETORE MOVING INTO THE SPECIFICS OF ENGINEERING CURRICULA, FACULTY
DEVELOPKENT, AND RESEARCH AGENDAS, I FEEL IT IMPORTANT TO SPEMD SOME
TIME DISCUSSING TAE CONTEXT IN WHICK ALL OF THIS NUST TAXKE PLACK. IN
VANUARY OF THIS YEAR, THE SOCIETY'S MONTALY MEMBERSNIP MAGAZINEK

"MANUTACTURING EINGINEERING" CARRIED AN EXTENSIVE S8BT OF TEATURE

ARTICLES DEALING WITR TME CMALLENGES FACING U.3. MANUFACTURERS ON
INTC THRE NEXT CENTURY AND BEYOND., ENTITLED "FUTURR VIEW:
MANUFACTURING FACES THE NEXT MILLENIUM" THE ARTICLES DEAL WITH GLOBAL
COMPETITION AND MANUFACTURING MANAGEHENT, WORXFORCE TRAINING AND
SKILLS, MANUFACTURING RESEARCH AND DEVELOPMENT, THR HANUFACTURING
ENTERPRISE, AND PRODUCTION TECHNOLOGY.

EACH OF YOU RECEIVED A CORY OF THAT PUBLICATION AS OVER 1000
ADDITIONAL MAILINGS WERE MADE TO U.S. SENATORS AND REPRESENTATIVRS,
CABINKT MEMBERS, HMEADS OF FEDERAL AGENCIES, BTATE GOVERNORS AND
SELECTED CEOS OF FORTUNE 500 COMPANIES. OUR PRESIDENT, DOUGLAS BOOTH,
CONTINUES TO RECEIVE AN EXTENSIVE ANOUNT OF CORRESFONDKNCE FROM THOSXK
WHO HAVE READ THE ISSUE. I NAVE ATTACHED A RERRINT OF THE "FUTURE
VIEW" ARTICLES AS PART OF TAIS TESTIMONY.

WHILE "FUTURE VIEW™ IS AN IMPRESSIVE JOURNALISTIC ENDBAVOR WITH A
STRONG MESSAGE, IT DRANS FROM THOSE WRO NAVE DONE SIGNIFICANT WORK ON
THE VISION OF WHAT MANUFACTURING WILL BE LIRE IX THRE FUTURE. OF
RARTICULAR IKPORTANCE IS THE WORK DONE AT TNR IACOCCA INSTITUTE WHICH
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LED TO THE PUBLISHING OF "218T7 CENTURY MANUFACTURING ENTERPRISE
STRATEGY."

WHAT IS INPORTANT IS THAT IN ORDER T0 HAKE PROGRESS WX NEED TO KNCW
WHICH WAY YO GO, ALL OF US, INDUSTRY, EDUCATION, GOVERRMENT, AND TXE
RESEARCE COMMOUNITY: WE ALL NEED TO GO IN THE SAME DIRECTION.

TME WORK DONE IN "FUTURE VIEN" AMD "2187 CENTURY MANUFACTURING
ENTERPRISE STRATEGY" CONTINUALLY CALLS FOR A NATIONAL MANUFACTURING
VISION. THRY IDENTIFY THE MEED FOR AN INFRASTRUCTURE WITNIN WHICH TO
STRIVE TOR TEE VISION. THEY CALL FOR SPECIFIC ACTIVITIES WNICH, WHEN
ACCOMPLISNED, WILL SPELL SUCCESS FOR TAE FUTURE OF MANUFACTURING IN
OUR COUNTRY.

WE IN THE SOCIETY OF MANUFACTURING ENGINEERS FEEL THAT WRATEVER
INDIVIDUAL EFFORTS ARE UMDERTAKEN TC IMPROVE THR OTATE OF U.38,
MANUFACTURING, THRY MUST BE ACCOMPLISHED AS PART OF AN AGREED URON
PLAN OF INDUSTRY, ACADENIA, GOVERNMENT, AND TAE RESEARCH CIMUNITY TO
ACRIEVE A NATIONAL MANUFACTURING VISION. TEAT VISION EAS YET TO BE
TRAMED .

THE SOCXETY OF MANUFACTURING ENGINEERS COMCURS WITH THE AUTHORS OF
TME MATIONAL RESBARCE COUNCIL REPCRT, "IMPROVING ENGINEXRING

DESIGR" (RATIONAL ACADENY PRESS: 1991), THAT ".....EFFECTIVE DESIGN I8
A PREREQUISITE FOR BFFECTIVE MANUTACTURING; QUALITY CANNOT BE
MANUFACTURED OR TESTED INTO A PRODUCT, IT MUST BE DRSIGMED IN."
HOWEVER, TENE SOCIBTY FEELS QUITE STROWGLY TMAT UNLESS TEE RMGINEERING
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DESIGH PROCESS YULLY INTEGRATES THE FURCTIONS OF PRODUCT CONCEPTION,
DEVELOPMENT, MANUFACTURING, USK, IUPRORT, AND ULTIMATLY ITS

BND-OF~LIFE DISPOSITION, QUALITY WILL MOT BE DESIGNED IN. IN FACY, IT

I3 BNCOMING MORE READILY RECOGWISXD AND ACCEPTED THROUGHOUT INDUSTRY
AND THE MANUFACTURING PROFESSION TEAT TRE TERM "NANUFACTURING" IS
TAKING ON A MORE ALL-ENCOMPASSING NATURE. IT INCLUDES I ITS
DEFINITION THE INTEGRATED ACTIVITIES OF THE PRCDUCT LITE CYCLE, FROM
CONCEPTION THROUGH END~OF-LIFE AMD DISPOSITION.

ANOCTHER TREMD WHICE IS TAKING PLACE IN OUR COUNTRY IS THN NIGRATION
OF MANUTACTURING ACTIVITY FROM LARGE, VERTICALLY INTEGRATRED
CORPORATIONS TO THE SMALL AND WEDIUM SIEED MANUFACTURING COMPANTES .
INTEGRATRD ENGINKERING DESIGH RESEARCH AMD EDUCATION ACTIVITIES NARD
TO BE STRUCTURSD AND CONDUCTED SUCR TRAT THEIR BENEFITS CAN BE EASILY
TRANSFERRED AND USED BY THIS INDUSTRIAL BASE. MAXIMUX USE OF TR RIGH
FPERFORMANCE COMPUTER AND COMMUMICATIONS INITIATIVE AS SUPPLEMBNTED BY
THE "FACTORY AMERICA NETWORK™ CALLED FOR IN TRE "218T CENTURY
MANUFACTURING ENTERPRISE STRATRGY" WILL ACCOMPLISK THAT END. THE
INTRRACTIVE CAPABILITY OF THNAT INTEGRATED IMFORMATION NETWORK WILL BR
ABLE TO BRING TNE WORLD OF THE SMALL BUSINESS MANUFACTURER INTO THE
REALM OF THE DRSIGH RESEARCHER AND VICE VERSA.

TXE SCCIETY CONCURS WITR TAE AUTHORS OF "INPROVING ENGIMEERING
DESIGN", THAT ENGINEERING DESIGN EDUCATION NEEDS TO BE STRENGTEENED.
WE FERL TEAT RXPERIRNCE WITH TKE PROOJCT LIFE CYCLE 18 AN INPORTANT
PART OF THAT STRENGTNENING. ACCORDINGLY, WX RECOMMEWD TNAT PRACTICAL
BXPRRIENCE IN THE PRODUCT REALISATION PROCESS FOR A PERYOD OF AT
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LEAST TWO YEARS AFTER ORTAINING THE BACCALAUREATE, BE A PREREQUISITE
FOR GRADUATE DEGREES IN ENGINEERIRG DESIGN. ALSO, ZHE ROTATION or
GRADUATE DESIGH ENGINEEP: THROUGK INDUSTRY, RESEARCH, AND ACADEME AS
A PLANNED COURSE OF PROI'ESSIONAL DEVELOPMENT, WILL PROVIDE THE FIELD
WITH ENERGETIC, STATE-OF-THE-ART TALENT.

THE CNEATION CF A "NATIONAL CONSORTIUX FOR EMGINEERING DESIGN" NEXDSY
TO BE APPROACHED WITH CALTION. THE NEED TO ESTABLISN SEPARATE
ORGANIZATIONS TO DEAL WITH SPECIFIC PROBLANS MAY RERPRESYNT A KIND OF
SOLUTION THAT I8 SECOMING A PART OF OUR PAST. THE SOCIETY FERLS THAT
TNERE IS SUTFICIENT TALENT IN PROFESSIOCMAL SOCIETIES, QOVERNMENT
AGENCIRS, -NDUSTRIAL ASSOCIATIONS, AND EDUCATIONAL IMSTITUTIONS TO
DEAL SUCCESSFULLY WITH THIS PROBLEN. MEAT MERDS TO HAPPEN I8 A COMING
TOGETHER OF THIS TALENT IN ORDER TO FOCUS ON DEFINING SOLUTIONS AND
DOLEMENTING RESULTING ACTIVITIES LEADING 70 SUCCKSS. THEE CURRENT
STATE-OF-THR-ART IN INTEGRATED SYSTEMS TECHNOLOGIAS AND INEIR
APPLICATIONS MAKE THE ESTABLISAMENT OF VIRTUAL TRAMS TO DEAL WITX
THRSE KINDS OF ISIUES A REALITY. THE SCCIETY JF MANUFACTURING
ENGINIERS IS READY TO WORK WITR OUR SISTER FPROFESSIONAL SOCIETIRS ARD
THE DESIGNATED STEXAND OF PUBLIC Fumos TO PULL SUCK A TEAM TOGETHER.

OUR COMMENTS ON THE NATIONAL RESEARCK CCUNCIL RERPORT, "TEE
COVPEZITIVE EDGE: RESEARCK PRICRITIES FOR MANUFACTURING " (KATIONAL

ACADEMY PRESS: 1991), WILL 55 LIMITED TO TEE SUBJECT OF CMAPTER 8IX:

HMANUFACTURING SKILLS IMPROVEMENT. THE RAEASON FOR DOING 80 IS TO
EMPEAIIZE THE SCCIETY'S FOCUS OM WRAT IS TNE ULTIMATE DETRRMINANT AS
TO THE SUCCESS OR FAILURE OF U.3. MANTFACTURING--IT’S PEORLE.
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TEE SUBJECT MATTER OF THE FREVIOUS CHAPTERS, A8 WELL AS LIXE MATERIAL
IN OTHER PUBLICATIONS DEALING WITH THE NECESSITY TO REINVIGORATE THE

U.8. INDUSTRIAL BASE, DEPENDS ENTIRELY ON TNE ABILITY OF THE WORK
TORCK TO IMFLEMENT STATED RECOMMENTATIONS FOR IMPROVEMENT. ADVANCED
MANUFACTURING TECHNOLOGIES AND PROCESSES NAVE BEEN PAOFOSED AND
DISCUSSED. BUT, HOW QUALIFIED WILL TNE WORK FORCE BE WHO MAS 70O
DEVELOP THEM AND IMPLEMENT THEN? WHERE WILL THE DEOPLE COMR FROM WHO
HAVE TO TEACH, WHO HAVE TO DO THE RESEARCH, WHO NAVE TO WORK WITH TR
ADVANCED MANUFACTURING TECHNOLOGIES AND FAOCESSES OF TME TUTUNE?

MITH A CAVEAT DEALING WITH TME CREATION OF NEW ORGANIKATIONS, WHICE
WAS PREVIOUSLY XXPARSSED IN THIS TESTINONY, THE SOCIETY ENDORSES
CHAPTER SIX AS REFLECTIVE OF ITS POSITION ON MANUFACTURING S8KILLS
IMPROVEKENT. ALSO, A8 PREVIOUSLY STATED, THEE SOCIETY STANDS READY T0
WOAK COLLA".GRATIVELY TO ACHISVE IMPROVEMENT IN TME AREAS IDENTIFIED.

THE STRATRGIC MANUYACTURING INITIATIVE ANNOUNCED 3Y TIE MATIOMAL
SCIENCE FOUMDATION AXD TNE OFFICE OF TEE SXCRETARY OF DEFENSE I8 AN
EXAMPLE OF THR KIND OF ACTIVITY TEAT COULD BX A PART OF ACNIEVING THE
NATIONAL MANUFACTURING VISION, WERE THAT VISION DEFIMED. TEE ABSENCE
OFf THR TALENTS OF THE DEPARTHENT OF COMMERCE, TEE DEPARTMENT OF
ENERGY, AND THE WATIOMAL AEROXAUTICS AND SPACR ADMINISTRATION AS A
PART OF THE GOVERNMENT TEAX I3 QUESTIONED. WE WOTE TER ROLE OF
"ASSISTAMCE AND ADVICR OF TEE RESBARCH COMMUNITY..." AND TER STROKG
ENCOURAGEMENT TO INTRRACT WITH INDUSTRY. MORE IS WRSOED. TRE SOCIETY
BILIEVES THAT THIS INITIATIVE IS BUILT FOR THE SFARTICIPATION OF CROSS
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TUNCTIONAL TRAMS INVOLVING, IN AN INTEGRATED FASHION, ARPROPRIATE
TALENTS FROM GOVERNMENT, INDUSTRY, ACADEMIA, AND THE RESEANCH
COMMUNITY. ONRCE AGAIN, WE OFFER TC HELP.

A FINAL NOTE. THE SOCIETY OF WANUFPACTURING ENGINEEZRS HAS RECOGNIERD
FOR SOME TIME THE VALUR OF THE NATION’3S CONMUNITY COLLEGE $YITEM TO
DELIVER BERVICES AT THE GRASS ROOTS LEVEL OF SOCIRTY--ACHIEVING
INTIMATE CONTACT WITH A DISPERSED, RATHER RLUSIVE SET OF CLI.ATS. THE
NAJOR OBJICTIVE OF COMMUNITY COLLEGES I3 TO BOUCATE AND/OR TRAIN
PEOPLE WITH EMPHASIS ON LOCAL JOB OFRORTUNITIRS AND CONTINUING
EDUCATION., A COMMITTHENT TO COMMUNITY SERVICE I8 CENTRAL 70 TRE VALUR
BYSTEMS OF THE COMMUNITY COLLNGES. TAE USE OF COMMUNITY COLLEGES AS
DELIVERY AGENTS FOR THE PRODUCTS OF MANUFACTURING EDUCATION AND
RESEARCH SHOULD BE AN INTEGRAL PART OF ANY MANUFACTURING RESBARCH AND
EDUCATION PROGRAM.

MR CHAINMAN, THME 30CIETY OF KANUTACTURING ENGINEEIRS APPRECIATES THK
INTEREST OF YOUR SUBCOMMITTEE IN WRAAT WK HAVE SAID TODAY. WE STAND
READY TO PROVIDE ANY ADDITIONAL IMPUT AND ASSISTANCE YOU DEEM
ARPPROPRIATE. WE ARE FULLY COMMITTED TO DOING ALL TXAT WE CAN TO
RESTORE VITALITY TO AMBRICA’S MANUFACTURING SECTON. FOR AS IT IS SAID
IN PROVERBS, 29:18 AND IN THE FINAL ARTICLE OF "FUTURE VIEW": "WHERE
TMERE IS KO VISION, THE PROPLE PERISK...." I WILL NOW TRY TO ANIWER
ANY QUESTIONS YOU MAY MAVE.
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he war in the Persun Gulf a
year ago was a dramatic
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FUTURE VIEW

MANUFACTURING MANAGEMENT IN CRISIS

Yet today's popular American notion
that Europe is a nice place, a big but

of why tech

13 cntical to Amenca's

future. But Amencans may
have drawn the wroag conclusions
from it. 1t was not 2 demonstration
of US technologcal preeminence,”
says George M.C Fisher, churman
of the Washington. DC-based Council
on Competiuveness. “Much of tae
electronics in US weapons was sev-
eral gencrations behind the most
advanced commerca! technologes,
and n many of these technolopes the
US 15 no longer the leader.”

Damel Burstein, business consult-
2nt and author of Yen! and Exroquake
(Simon & Schuster, New York)
agrees ‘Amencans became over-
confident about the country’s miitary
success and what they saw as its
overall global leadership. In Amen-
can cyes. Japan and Germany failed
he test ' Short term. the war caused
a decline 1 US interest n Europe ft
made Europe seem less important.

market, will be
seriously challenged over the next
decade, along the fines of the current
challenge from Japan.

And Japan? “I{ you look 10 vears
out to 2002, Japan—which will still
have only 50% of our population and
evenasm . \er percentage of our total
workfore” ~ will equal or surpass tl.e
US i terms of total manufacturing
output. At best (for us), theyll
outproduce us 2:1 on a per<apita
basis. That's frightening.”

What 1y going wrong? Our problem
is our succesy, answers Bunten. “The
system worked so well for so long
few people want to tamper with it.
We are at a crossroads. however,
Other cultures are demonstrating
that 1n some ways their ¥ are

stage. We have a vested interest
believing we have the greatest sys-
tem the world has ever seen.”

Mythe

According to John Young. presi-
dent and CEO. Hewlett-Packard Co.
(Palo Alto, CA). we comfort our-
selves with five myths about Amer-
ica’s technical leadership. “The first.
which [ call "the suntise industnes’
myth, goes like this: ‘Sure, our tra-
ditional manufacturing industries are
under siege. but we il [ead in the
new, high-growth, high-tech seg-
ments.” " The high-tech trade bal-
ance may have looked good in the
early ‘B0s, but that ended in 1986,
when the US witnessed its first-ever
trade deficit in the high-technology
segments, Youag expiains. With

o] 15 the financi

supenor. We're sull n the demal

a
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rewards are cumulative. If you lose
one round, it's very hard to get back
in the fight.

The second myth is about “the
leading edge.” It says even of the US

n




has trade prob-
lems in technology
sectors. they're
only at the low
end, in ¢
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the best. so we have the strongest
technology nfrastructure. “This 1s
misleading 12 _two ways.” Young
points out. “First, we must ask

hether the b oughs that win

electronics. We're
ahead in leading-edge technology.

Again, facts refute the myth. In
terms of dollars, it's true our biggest
trade problem in el ics invol
TVs, audio equipment, and VCRs;
however, Amenca is aiso falling
behind in several critical generic
technologies. including integrated
circuit fabrication. optical information
storage. and robotics. And consumer
electronics is not all “low-tech.”
“Many HP engineers.” says Young,
“feel the degree of soptustication
the design and packaging of today’s
home video camcorders is the most
advanced of any product family
they've seen.”

Myth three—the “‘copy-cat”—
says that though other countries have
caught the US, they've done so by
aping us. The Japanese, especully,
are incapable of innovating on their
own. Thus was true in the early years
following World War [1. “*But today,”
says Young. “US patents teil a dif-
ferent story. In 1988, the most
recent year for which we have data,
48% of the patents granted in the US
went to foreign inventors. and many
were for significant technologies.”

The “Nobel Pnze” myth says that
the US leads the world in Nobel lau-
reates. our research umversities are

Nobel Prizes actually help wina fight.
We focus on the purswt of basic
knowledge but give lictle thought to
its application. Second, our technol-
ogy infrastructure is showing signs of
stram, We've been living off the fat of
the land. doing little to ensure future
generations of technology and trained
people.”

In real terms. federal funding for
umversity research facilities declined
95% over the past 20 years. The
White House Science Council reports
it will take a $10 bllion investment to
bring the facilities up to adequate
condition, and no one is rushing to
spend the money.

A3 10 trained people, Young sees
more bleak numbers, For many rea-
sons, more than half the engineering
doctoral degrees in this country are
granted to foreign students. “We're
also facing a shortage of university
professors.” he says. “We've got a
situation in the hurnan resources area
that's similar to what we have ia the
fiscal area. We're living on borrowed
money. talent, and even ume.”

The "Sputnik™ myth refers to the
10it Americans felt when the Russuns
beat us into outer space. “It galva-
nized us into action.” recalls Young.
“So we invested and succeeded in
being the (irst to land a2 man on the

1

moon.” According to the myth, all the
US needs to shore up its technoiogy
base 1s another, similar event. “The
Japanese haven't obliged us by
launchung a Tovota into space. how-
ever.” notes Young. The real cure
mught involve a series of smail. rather
undramatic changes. not another
megaproject like putting a man on the
moon.

Burstein powmnts out a particular
shortcoming in America’s view of for-
eign competitiveness that he calls
“the Lexus factor.” Shortly before
the Lexus debuted. most US auto-
motive experts had 2 low opinion
about Japan's ability to compete at
the high end of the automobtle mac-
ket. A few months ago. the Lexus
surpassed Mercedes in umit sales in
the US. A similar skepticism was
evident for many years about the
European Airbus consortium, which
18 now seriously beginning to chai-
lenge Boeing. “Why do we keep
doubting?™ Burstein asks. “I'd sav
it's doubtful they won't succeed.”

The Lexus factor mentality may be
changing. however. The US public 1s
becoming seriously concerned about
the country's economic future. “By
virtually every benchmark.” says
Fisher. “Americans are increasingly
worried about what s unfolding
More than 77% think Japan 1s ahead
of the US w0 terms of its ability to
compete economically. and 73%
believe the worst is yet to come.™

In response to a call from Con-
gress that the Defense Department
develop a strategic plan for spending
manufactunng technology dollars.
the DoD came to industry and asked
it to descnibe the competitive manu-
facturing enterpnse of the 21st cen-
tury. The DoD also wanted a plan ot
action to make that compentive
model a reality. Fifteen senior exec-
wlives brought together by pnncipal
mvesugators Dr. Roger N. Nagel.
Harvey E. Wagner Professor of Man-
sfactunng Systems Engineenng and
operavons director of the lacocca
lastitute at Letigh University
(Bethiehem, PA). and Rick Dove,
chaicman, Paradigm Shift Interna-
tional (Oakland). held a senes of
meetings last summer to identify the
chanacteristics of what they came to
call “agile manufacturers.” Nagel and
Dove are taking the group's findings
to industry leaders to build a copsen-
sus hefore what they hope will be a
series of Congressional hearings on
US industnal competitiveness,

According to Dove. there are
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dpie certification requirements,
the burden of healthr care costs,
ot the ecooomic tmpact of envi-
ronmestal regulation.

Subsnidies for Airbus. Boeing,
being the coun:xy’: |eading ex-
parter, is i

AXT% seale medel of e 777 twiniet st Seclag’s Transenic Wisd Tunael,

whare

abou? maintaining open markets.
good intemational trade rules, a
strong GATT (General Agree-
ment ou Trade and Tariffs) sys-
tem, and what Hougardy calls “a
level playing field on government
support.”

Certification requirements.
[mposition of airplane certification
requirements by multiple coun-
tnes affects the competiiveness
of the entire aviation industry, he
says. Certification by the Federal
Aviation Adminstration (FAA)
used to be accepted by other coun-
tnes, but no longer. "To be sold in
Europe, Boeing airplanes must be
cerufied twice: inthe US and again
by the European Joint Airworthi~
ness Authorities. [n addition, the
European country of registry adds
national vanants to certification.
Our competitors are also subject

to these mnlhple certification
requirements.

Houuxdy claims there is no
evidence that multiple certifica-
tions improve safety. “They only
increase the cost of aviation prod-
ucts and services, making our
entire industry less competitive,”
he says. “The industry must vig-
orously press toward a process of

ofiisieney is ander vindy.

families increased 55%. In 1991.
they rose another 21%. The prob-
lem can't be ignored, he says.
Engironmental regulations.
Environmental regulations have
become costly. “Boeing 1s
investing heavily to soive prob-
lems such as chemical reducuon
and waste minimization.” says
Hougardy We have zccepted the
! Pr

or some
other me!hod that will result m
only one certification procsss.”
Health care. While industry
should provide health care for
employees and their families,
Hougardy zrgues that rapidly ris-
Inz costs are having a direct bear-
ing on US manufacturers’ ability tu
compete globally. Between 1987
and 1999, Boeing's costs for med-
scal care for employees and their

Envir Agency
challenge to reduce emissions
50% by 1995. Soon we will see
more efficient paint guns, water-
based processes, and less toxic
solvents in use throughout our fac-
tories. And we're providing exten-
sive employee training on all envi-
ronmental issues.” But in two
years, costs for record keeping,
traimng, and reporting have risen
more than 115%.

three major descniptors of the suc-
cessful manufactunng enterprise n
the next century: continuous change,
rapid response, and evolving quality
standards.

Technology 1s advancing so rapidly
that the environment will be one of
dramatic, continuous change. That
means. says Dove. “the products you
build today wili compete with prod-
ucts a2 competitor will build :wo
weeks {rom now—and theyll be
made using technologies you didn't
have. The processes installed in your
factory six months ago must compete
with those 1n {actories equipped with

technologies not available to you."
“There will be no fixed-plan opar-

and simultaneous development of
next- geneuuon (echnology designed

ation,” adds Nagel. “b prod-
ucts will change daily. We'll be forced
1nto dynamic process planmung. figur-
Ing out how to make things in the
context of what else we're making
and our configuration capability.™
According to Dr. D. Bruce
Merr.field. Walter Bladstrom Profes-
sor of Management. Wharton School
of Business. University of Pennsyl-
vama (Philadelphia). “Management

to obsol p current s¥s-
tems before (he competition does,”
he says. The hierarchical form of
organization cannot manage such an
environment.

Any company not involved in a
process of continuous corporate
renewal probably has made ar unin-
tentional decision not to be in busi-
ness a few years {from now. Contin-
uous renewal lnvolves the following

of f: g will b the
management of change. Survival will
require major corporate restructur-
INR 0 manage a combtnation of con-
tinuous incremental improvements
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® A strategic
plan comparing
existing skuls, re-
sources, and capa-
bilities against
those required
® A business plan allocating
resources needed and developing
strategic alliances to il the gaps
® A vigorous in-house program of
workforce reskilling.

Operauons in a conunuous-change
eavironment climax with very short
windows. Opportunities don't last
long. “You must find how to get
involved In that activity. master the
technology, have the right productuon
facritties available. and then get out of
the business at the nght time and
move to something else,” says Dove.

Rapid response will force much
more interaction. cooperation, joint
ventures, and teaming. There simply
won't be time to grow all these capa-
bilities in-house. however. Virtual
corporations —made up of what you
need from a number of disparate
places. wside or outside the com-
pany, exh contributing something
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unique but needing something just as
unique from the others—will soon
evolve. "In fact,” notes Nagel.
“because of the needs to put the nght
skill sets together, Wall Street will
scrutinize how good a partner you are
and what skill base you have when it
ass”~r~3 the competitive hezlth and
future of your company.

"Of course. because agile manu-
factunng depends on sharing, team-
ing, and cooperation, it will highly
emphasize trust. The idea of shanng
information and behrving properly
with respect to proprietary informa-
tion will be a major ethical issue by
the erd of the decade.”

Ed Miller, president of the Na-
tional Center for Manufacturing Sa-
ences (Ann Arbor, MI), sees a strong
move among tndependent organza-
tions to form collaborations. Some
208 consortia are registered with the
Attorney General. often for simple
projects between just two compa-
nies. Many occur on an ad hoc basis,
however, and he encourages compa-
nies to seek partners outside of their
normal sphere. He cites an example
of companies in different industries —
electronics and health care—that

found they were doing parallel work
n stereolithography. The electronics
firm felt 1t had created an exceilent
system m the 18 months 1t had
allowed itself, only to discover that
the other firm had built a more
advanced system within six months.

“Such partnerships will functiun in
the early, precompetiuve stages ot
technology development. allowing
vigorous competiuon in the later
stages of product development.”
Fisher adds.

Just as we share people. we will
share processes. facilities. and the
means to operate them. “Shared ftex-
ible computer-integrated faciities
will be cloned around the world 10r
remote satellite programmng to
make what you want. when you want
it, and wherever it’s needed for just-
in-time delivery.” savs Memfield.
The modular facilines will provide
rapid CAD/CAM prototyping. per-
mitting immediate entry into a mar-
ket for one. 10, or 1000-of-a-kind
products at essentially the same cost.
but with the precision and reproduc-
ibility required for global compeu-
uon. They will be continually repro-
grammable to make new or modified

Automated turning cells engineered in

Wasino turning cells prove that automation
can be straightforward, after all, Pre-engineered,
held-tested and fully assembled, these cells
are ready to run. The nightmare of debugging
automated “systems” an your own shop floor, for
weeks ar months, is over. Workhandling is so
sunple and tightly integrated that the CNC

Wame Ny

1‘:,"
be o

controls every single machinin, - automation
function. The gantry-type loaders .re on-board.
Ganury loader commands are standard “M" codes
Changing parts usually is as simple as switching
arippers and loading a new program.

Unlike systems with separate machining and
workhandling controllers, Wasino cells are built t

L. Rid 0. of
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products. Basically, these facliues
wll fulfill a service funcuon. raising
developing nations 1o manufac-
wnng’s leading edge while providing
profitable opportunities for those
who can generate the advanced sys-
tems that can be programmed into
them.

About eight shared flexible com-
puter-integrated facilines are now
operaung in the US. with another
dozen due to open shortly. The
Industnal Credit and Investment
Bank of ladia plans to clone one soon.

Rapid response requires much-
improved communicaton in the area
of fundamental research. too. In
November, a group of 60 academi-
{i2ns. government representatives,
and industry leaders met to discuss
enhancing the speed and effective-
ness of transfernng fundamental
knowledge among their mstitutions
~Can we continue government sup-
port ot academia when the output 13
stedents who never go into z factory
and papers that the Japanese read so
they can make new products®” asks
Dr. Iva M. Wison. president. Phabips
Display Components Co. tAnn Arbor).

“Some In the universities say the
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Eight Agile Answers

How can a manufacturer measure
its agility? Answer these ques-
tuons, say Nagel and Dove:

® How quickly can you respond
when you get an order for a cus-
tomized product?

® How long does 1t take to build
a new vanety of somettung that's
In your product line?

® How long did 1t take 1o nego-
tiate parameters for real strategic
relationships compared to how
long 1t took to actually begin a

strategic relauonstup? If the num-
ber 1s greater than one. some-
thing’s wrong.

® How many joint ventures has
your company formed this vear*

® How many products du vou
introduce per year?

® What percentage of vour new
products are customized?

® What percentage are re-
configured?

® What percentage of vour cus-
tomers are repeat customers”®

problem s with US industrv—1t
doesn’'t want to accept the knowi-
edge,” responds Dr. Yoram Koren.
chairman ot the Department of
Mechanical Engineering and Appled

Mechamics. University of Michigan.

and chair of the NSF-sponsored work-
shop. “Others say it's academia—it
doesn’t know how to deliver. And
how should government agencies
that fund research decide if research
15 good? [s a four-page equauon a
good one? Academia. ndustry. and
government must communicate and

collaborate to maxnuze the mpact -1
basic research and education an man-
ufacturing competitiveness. ™

Evolving Quality

Over the next 10 vears. the Je:-
nition of quality will merge with the
defimuon of customer sausfacton.
“Eventually,” says Dove, "we won1
ccunt defects because there won t de
any. Today's standard ot quafity 13
‘detect-free.” This will be oniv the
entry level for the next quality tron-
tier. which will be the enjoyabie emo-

our plant, not in yours.

OO Opposed Spndle (NG Turning
4 evier with SR 2 antry Loader

he run bv operators, not by programmers of engt-

neers. Thev've proven themselves in over 1,600

nstallations around the country and around the

world. And with single-cource enginecting, vou
et stngle-ource responsibiliy.

(

)
N

11 0% V-Aus Tummg, Mithng Center
with \R 3 Ganiry (nader

We'd like to send you a videotape that demon-
strates how straightforward 1t 1s. Just wnite to us on
sour letterhead todav to get your copy, along with
our brochure. Ot give us a call at (201)696-707¢
to arrange for a lwe demonstrtion.

WASINO
xCORP. USA
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tional experience
of interacung with

the product.”
Ed Kfcury. vice
president. IBM
(Armonk. NY).
and presdent of its Industnal Sector
Division. puts it another way: “Our
focus is on more than the product.
Quality encompasses every aspect of
customer satisfaction. It means doing
a better job of understanding our
s and rededi our-
seives (o ehmmaung defects in

everytb.\ng we do.”

“There’'s a difference detween
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quality and value,” adds Leroy D
“Pete” Peterson, wortdwade director
of Andersen Consulung's Products
Industry pracuce (Chicago) “Most
of this country’s manufacturers are
working to improve the qualty of
production, when they should focus
on value —the customer’s percepuion
of how good a product 1s for the pnce.

“In the past. Amencan consumers
were all toe willing to buy low-cost
products of limted value. Low-cost
mass production of reasonably dura-
ble goods will continue to be itally
important to some households.”
Nevertheless. US manufacturers

must realize consumers are startine
to appreciate value. Pracucing sta-
ustical conirol 15 no longer accept-
able Processes now must make qual
ity products the tirst ume without
inspection, rework. or scrap.

¢. H. Thomas Johnson. Retziai:
Professor ot Quality Management.
Portlang State Universuty - Porttand,
OR). takes quality a step further
~Compeution n ihe near (uture
means adapting quickiv to and even
tmsugattng change 0 customer
expectations. That means empowe:-
ing everyone in the companv to histen
to the voices of the customer una tte

® Teamwork. leading

I-che

p agaiost
%s, and ]

mile-

stones, b

They know

build strong functional teams and encourage cross-
functional teammg. They mndoctrinate new employees
in the company’s culture. They hire top people and
place a high value on communication skills_

® Reconfigurability. Job aod team assignments
change to meet changing custom:, needs. Effective
SWAT teams handle short-tar. problems. Product
teams form and reform to ».mg out new products.
Divisions form and close n response to mme! needs.

o Efficincy, Great ery
balance local el‘ﬁc:ency with overal] company through-
put and effectiveness. The key it knowing how to get
results that show up in the product.

® Shared Information. Leading manufacturers com-
mumcate well, doth intemnally and externally Their
people are articuiate, their organizations are flatter,
and they run effecuve meeungs. Buildings and facili-
ties are well-d d. and tools like
E-mail. fax, and meelng rooms are widely I

enough to make realistic promises. and they hate
missing desdlines,

® Urgency. They have a sense of urgency —but not
at the expense of getting the product nght.

® Resowrcefuiness. In world-class manufactunng
companies, people know what to do and where they're
going—and they figure out the best, fastest, cheapest
way to get there, even if it means adapung technol-
ogies from outnde the organization,

® Centers of Excellemce. Leading manufacturers
understand no oae cam be best at everything. They
create one or more centers of preemunence and rely on
world-class hers for other technol

® Early Wcm(Sm Thc best manufactunng

have b d early waming systems
n such mu as chanpng customer needs social
hics, regul Y environment.

evoluuonary pfod\ct and pfocess (echnology replace-

® Ongoing Revtew. World-class manufacturers con-

ment s, and distn-
butor channels.
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process. No more
passing instruc-
nuons down from
the top to docile
.workers who will
manipulate pro-
cesses toachieve accounting targets.
No more treating the customer like a
sponge who will soak up companies’
output to ‘cover their costs.”
How do you learn to focus on the
customer? Start by focusing on your
internal customer. recommends Wil-
son, "He's the guy down the line that
you influence when you do your job.
You can't umpl onen-

109

processes, and products.”

Human resources 1s an area where
a competiuve disadvantage 15 good,
says HP's Young. “We don't want
lower wages. because we don't want
to compete on the basis of cheap
labor. After all, the goal of competing
is to rasse our standard of living. That
means Amencans must be so produc-
tve and innovative they wiil eam
more than their counterparts abroad
without high unit labor costs.”

In some ways we can leam from
the Japanese in dealing with people.
says Dr. Alan S. Blinder, Gordon S.

tation with vour outside customers
without practice.”

The Human Touch
Achieving agile facturing

hier Memonat Professor of
Economlcs Princeton Unwersity
{Princeton. Nj). “We could success-
fully import things like fugh tramng,
high job security, workplace flexibil-

requires ch how we

1ty, rel ly egalitarian workplaces.
flexible

people. “The process of business s
mostly people,” says Wilson. "I you
want to be successful. you must inte-
grate the people with the hi

i that area’t ham-
strung by restrictive work rules. high
employee involvement, and well-
organued consuitation procedures

labor and

According to Blinder. in 3 well-
functiomng japanese enterprise.
there's only a2 small distinction
between some aspects of the person*
nel department and the labor umon.
Union leaders may well be manage*
ment personnel on loan. “That
sounds like a union that’s a lackey to
management.” he says. and to some
extent that may be true. but in japan
most managenal personnel began
their careers as umon members
Labor-management celations do not
foster or promote the us-versus-them
attitude so damcing sn Engliskh-
speaking countries. The whole sys-
tem ts geared to making it us.

“Of course.” Blinder continues.
“many US companies have excellent
labor-management relations. and
have for years. One could argue that
a tot of these Japanese ideas came
from us. What we must do 1s make
this the majority of US compzmes,
not the mnorty.”

In 1990. the Indiana Labor and

Challenges Facing Manufacturing

MANUFACTURING ENGINEERING asked a select
group fr = SME’s College of Fellows and recipi of

vehicle assembly, General Motors (Warren, MD:
The

SME's Young Manufacturing Engineer Award to spec-
ulate on the issues facing manufacturing during the
next decade. Here are excerpts from the comments of
these industry leaders:
What ges face manule
managoment during the nent 10 yuvn‘l
Donaid G. Zook. f

ve factors of the ‘805 —cost and qual-
ity —have become givens. The next level of competi-
tion will include the following:

Style and product flaxtbility—the ability to produce
a vanety of differentiated products with mmmum
investment or setup. The current mismatch between
market demand and mass-production philosophy
requires a ppid transition to truly flexible. low-cost

tunng engneenng, California State Polytechmc Uni-
versity. Pomona (past SME President, '86-87):

These are the critical issues for management:

Restoration of layally i» the menagement workforce.
Workforce reductions and elimination of middle man-
agement can only result in loss of loyaity. Fewer
pro{e:smnls will want 2 lifelong assoaition with one

. As the damage done
by 1bon-(erm approaches, the correction effort will be
formidable.

Education i linking cellular systems. Evolution
from job-shop or line-flow amangements to cells mil be
partially ful b of i diate payback in
reduced inventory and material-handling costs, The
really tough job will be educating the large number of
people needed to link muftiple cells. exchange infor-
mation and matenals, and achieve full integration.

Pacing the of new 1 With the
accelerating development of new matenals and pro-
cesses, 2 major challenge will be selecting the appro-
pniate tools and pacing their apphcation to the
workforce’s ability to manage snd use them.

Charles J. Klein®, engineering group manager.

ing ay

Integ of g tnto design—bringing
mmutxctunbthty requirements into the design pro-
cess early. Sigmificant progress has been made
design for assembly and expert systems. but even
greater manufacturing knowledge must be integrated
in the design process to develop robust, cost-effective
products.

Socall global issue for
manufacturing in the next decade. New material tech-
nologes will present unique disposal and matenal-
handling challenges.

Taylan Altan. professor and director, Engineer-
ing Research Center for Net Shape Manufacturing.
Ohio State Umvemty (Columbus):

Overseas companies have three major ingredients for
success: cash, technology, and a well-trained
workforce. The critical issue facing US firms is training
the present workforce, plus acquiring and keeping
well-trained ng and talent.

In Germany (formerly West Germany). each year
S000-6000 students with post-high-school traiung 1n
manufscturing technology enter the wdustnal
workforce, Of these, 150 are PhD manufacturing
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Management Council
surveyed more than 300
Midwest manufacturers
regarding their quality
and productivity
improvement strate-
ges. They were asked
about three classes of
strategies —social Sys-
tem. technical system.
and technology/equip-
ment—and theiwr impact
on nine variables:
domestic market share.
foreign macket share.
overall sales. product
quality, new and
improved market intro-
ductions. productivity,
organization costs,

's Rofe

Can US manuiactur-
ers become competitive
without government
assistance? No. responds
Dr. Jacques 3. Gansler.
visiung scholar at the
Kennedy School ot Guv+
ernment at Harvard
University (Cambndge.
MA) and senior VP
TASC (Arhngton. VA
"Even a concerted ct-
fort by industry (0 take
such actions as hstening
to the customer and cut-
ting down on new:
product realizaton <yces
will be insufficient if the

employee skill and
knowledge. and profit-
ability. Survey resuits
dicate social system strategies

prodact government cuntinues
resisting making changes
that wall let US industry

compete.

have the most sigmficant correlation
with the outcomes. which suggests

performance improvement produces
the greatest payback.

of "Industry must pressure govern-
ment into imitiatives like long-term.
low-cost capital: an educated and

engineers, 500-800 are on the master’s level. and the
rest come from two or four-year engineering-
technology colleges. In Japan. the number of engineers
graduated every year is larger than in the US (more
than twice as many engineers per capita).

In the US. most manufacturing engaeers, although
extremely skilled and valuable, are not degreed and
have limuted openness to new technology . Similarly, in
middle management. many MS and PhD-level engi-
neers 1n Gerinany run manufacturing plants. Most US
companies do not have that level of techrucal capability
or training in their workforce.

To build a competitive manufactunng workforce in
the next 10-15 years will require innovative compen-
sation policies as already practiced by many high-tech
compantes in the chemical, electronics. and commu-
nications industries.

Allan Young. vice president & general manager.
AYM Inc. (Albia, 1A):

Here are the problems:

Shkortage of traimed or tramable people. IUs difficuit
to convince the smartest people entering the
workforce to go into manufactunng when the remu-
neration is low, challenges few, and growth too slow.

Lack of funds for updating facsiities. Because we are
n a mode of making money by buying and selling
businetses —the business is always paying for itself —
there’s not enough to plow back into facilities and
technology improvement.

Internal politics. With . ng ly

Hans-Jorgen Warnecke. PhD. Fraunholer Insu-
tute for Production Technology and Automation
(Stuttgart., Germany):

To achieve cost and price leadership. innovauon
must be d well. especially quatity-fu
deployment, zero defects, and time compression. Con-
ventional business structures must be overcome: the
organizauon must be product and process-onented
rather than function-onented —the vertical hierarchy
must be changed to a more honzontal. product-
oriented one. The bottleneck will be the thinking and
attitudes of people at all levels.

The need for flexibility will grow, along with the
investment in computer-controlled systems that
adapt. The factory will no longer be determinate —a
machine where changes and disturbances must be
avoided. Instead, it wall be structured to be continu-
ously changed and "disturbed” by markets and cus-
tomers. Manufacturing will be a service.

Mickey Love®. engineering manager. chassis
product plant, Dana Corp. (Oklahoma City. OK):

These are the most critical issues:

Educating our workforce. We must nurture employ-
ees—provide all the things they need to grow, pros-
per. excel, and become outstanding employees and
well-rounded individuals.

Empowering our morkforce. For an “empowered”
and accountable workforce, we must push the
decnsiovrmakml process to the lowest level. This

controlied by lawyers. accountants, and markeunp
executives, required people skills are more political
than technical. so manufacturing suffers.

the need for managers. People will take pnde
ln all they do, and they will do a tremendous job.

*Recent recipuent of SME's Youmg Manufaciuring Engr-
seer of the Year award.
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continuously
i workforce:
incentives for
R&D and capual
investment: and
adequate support
for The necessary infrastructure
{including communications and trans-
portation). Current government poli-
cies have the perverse effect of forc- -
ing mdustry to focus oa short-term
investment. encouraging many criti~
cal industnes to move offshore and
separaung the military and civilian
sectors of the industrial base.”

Many think 1t's pnmanly govern-
ment's atutude that must change.
“Qur policymakers tend to believe
computer chips and potato chips are
the same,” says Clyde V. Prestowitz.
president. Economic Strategy Insu-
tute (Washington, DC). “When other
countnes tacget the computer. auto.
or semiconductor business and exe-
cute industrial policies aimed at gain-
ing leadership in them. our
policymakers think 1t's a positive
tung because Americans are getung
good, wnexpensive products. If you
respond. ‘But 1t's dnving US manu-
facturers out of business.’ they say,
‘Let them make potato chips.” All
chips don't have the same
inplications. We are sy ically
ehminating ourselves from the high-
value-added industnies of the future.

“The President, in parucular,
must make it the highest national
prnionty to achieve and maintain
wndustnal and Kook ! leader-
ship,” Prestowitz stresses. “He now
gives that attention to geopolitics.
We subordinate our i 1nter-
ests to get votes in the UN or allies
1n the Middle East. We're constantly  * Servey of Bidweot manwisctarers lndisates souial systom sirstegies have
trading away tangible ecoromic higher impoct on then techeical systom aad
assets for intangble political gain.” sirslegies. Tep oniry is the sorrelation costfisiont; lower ouicy, the fevel of

“Change in the government is siguifienaes. Correistion with 3 sigaifiennce delow 0.08 shows 2 relotionshie
essential,” Gansler agrees. “Not botwess the twe veriabios.

i[5

§% | 96|65 | %6655 03|}

o6 o

2
“

BRG]

HE

Soclotechnical System Factors and thelr Component Strategies

Iy o ik Y] N
— P
.

SIS AAC CEVTRIA PR QUALITY & PASIMETRATY GEPRSVEAINT

AIVUARY 1902 - MANUFACTURING ENGINEEMING

BEST COPY AVA




only must «t shift
toward a far longer
term perspective.
but it must begin
recognizing that
{(a) there is a prod-
fem and (b) government has a sigmf-
icant role to play in correcting it. |
suggest far more emphasis 1n the
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wndustry or technology policymaking.
Whoever shouts the loudest now gets
ateention — for a few months. until the
next loud voice comes along. That's
how 1t was with HDTV and semicon-
ductors. It's an ad hoc process. We
must create a ble body of

ment pohcy could produce a sigmili-
cantly greater impact on our ability to
compete.”

Lester recommends a vanation of
the RAND Corp. as a Federal tech-
nology policy resource. "RAND was
established when the nauon taced

knowledge and expertise within gov-
ernment or available to 1t that can

government I " on
h

g-rang: gy
with departments like Transporta-
tion, Education, and Environment
mirroring the investments of the
Defense Advanced Research Projects
Agency [DARPA]. The Office of Sci-
ence and Technology Policy could
coordinate these investments.

“Applied technology is the key to
future competitiveness,” he contin-
ues, "in both mulitary and economic
spheres. A technology-based strat-
egy emphasizing a balance between
process and product technologies
{typical in Japan} and focusing on
their rapid application to new,
improved—but less expensive, more
reliable —products is clearly the way
to go. Government must assure
industry has all the incenuves to
move in this direction...but 1t first
must remove the barmers.”

What about a2 natronal industnial
policy, with specific technologies tar-
geted by the government for sup-
port? It's a hotly debated topic, and
Dan Bursten favors 1t: “Of course,
we'd have to set 1t up carefully. | call
tt a posundustnal policy. where gov-
ernment money~but not much—is
pumped into Supporting industry,
coupled with aggressive use of tax
credits.

*“The decistons about which indus-
tries to favor would be made in a
forum of representatives from
private-sector business, economists,
consultants. and academics who can
model tndustries of the future. I
believe we can pick winners and los-
ers. but | don’t think Congress should
do it. it wasn’t the Diet that devel-
oped Japan's mdustnal policy; it was
an elite body of the Mimstry of Inter-
national Tcade and Industry (MITI),
dedicated civil servants who tapped
the best economic mands and resources
In their country.”

Dr. Richard K. Lester, professor
of nuclear engineening. Massachu:
setts Institute of Technology (Cam-
brnidge). and director of MIT's Indus-
tnal Performance Center, agrees the
US needs a natinal industnat policy.
“We must develop better capability in
the federal government regard

I industry necds.

"On the other hand. I'm lukewarm
about what targeting will actually
accomplish. There are so many areas
such as health and education and sav-
ings and investment 1n which govern-

sernous national security problems. It
provided objective analyses tor the
defense sector. Even conservauves
in the current debate would find an
equivalent organization operating o
the industnal area acceptable. Ot
course, at the other end of the spec-
trum is 2 Department ot Industry

Message from a Friend

In the life of any industry, many 2
disadvantage can be turned into an
edge over a competitor. The Jap-
anese have become grand masters
at thus game, and the rest of the
world is trying to catch up.

But less thought is devoted to
how advantages can quickly s'ide
into liabilities. During the heyday
of the "American century,” the US
made efficient use of its conspic-
uous advantages: an abundance of
raw matecials, greac talent, and an
enormous home market. Now the
last and greatest advantage —the
size and vigor of the domestic US
market—1s actually barming US
ability to compete against Japan
and Germany.

In the cutting tool industry, the
questions asked about Japanese
and German success are like those
asked in other industries. How do
they create products that are
slightly better .and slightly cheaper?
How do they market them so
effectively? Both countries have
the same basic approach to world
markets, market share, and prod-
uct line selection. It's not 2 ques-
tion of lower labor costs, since
ours 13 not a labor-intensive indus-
try, or of raw matertals. since
simuilar matertals are used to make
cutting tools throughout the
world. Nor is it a question of infra-
structure; Japan, Germany. and
the US have roughly eqvivalent
economies,

You could cover the globe with
paper deacribing and analyzing
Japanese and German industnal
success. But there 13 one central
factor: the two countries have
exalted industry almost into a reli-

gion. This “‘religion” helped
restore thewr pride after World
War Il and rewnforced itself by
giving workers an extremely
attractive set of incentives: an
mtangible patnotic goal, the emo-
uonal sausfaction of becoming
number one in thetr particular
industry, and the very real bene-
fits of a substantially higher stan-
dard of living.

Whule Japan and Germany were
busy honing this process. the US
was spending a lot of money plav-
ing policeman to the world. Even
more important. the sheer size
and dynamic character of the US
capital market created the illuston
that investments and moving
money around were more IMpor-
tant than industry and exports.

The size of the US market cre-
ated other distortions. Lester
Thurow from MIT's Sloan School
of Management makes two rele-
vant observations. One s about
Japanese success in bypassing the
pitfalls of monopolies through the
keiretsu system. In the US.
antimonopoly legislation kills the
incentive to be number one. In the
evolving free world market. the
T ing behind thus legrsl 15
no longer relevant. Ax astute for-
eygn corporation will always be
there to challenge a2 US monopo-
list. Current legislation creates an
incentive to be second best.

Thurow's second point has by
now become a common battle cry:
the need for laws encouraging
"petient money" that would make
capital markets less a [ottery and
more an instrument of solhd
growththat's competitive through-
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within the executive branch.”
That's on the mund of William J.
Fife, Jr., chairman and CEO,
Giddings & Lewis (Fond du Lac. WD),
one of the country’s largest machine
tool builders. "Logk at agniculture.”
ke says. "The government always
supports it strongly. It put low-cost
fand into the hands of farmers; it
established land-grant colleges:
wheat, peanuts, milk, corn, and other
goods are protected through price
regulation; and agriculture even has
Cabmet status. All this effort goes
nto a portion of the that
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accounts for only 2.9% of our gross
domesuc product today. 1 don't want
to downplay the importance of agri-
culture, but manufactunng is the larg-
est sector within our gross domestic
product.”

Pnnceton’s Blinder has a different
view on a nationa! industnal policy. "1
can't imagine a government structure
less likely to succeed wath such a
policy than ours,” he says. “Here's
the kind of country in whuch it coxid
work.

“Fu‘st. there should be a rough

about what must

out the worid, not just m the US.

The size of the American finan-
cizl world is still beguiling. The
seze of the American market 1s sull
confusmg: why sell to a foreigner
who speaks a different language
when there 1S a customer next
door? Japan and Germany never
had these dilemmas. For them 1t
was always clear that exports
were the key to survival.

Things have changed 1n the fast
decade, but Amencan insulanty is
stil a powerful and impeding fac-
tor. The words that descnibe the
debate over industnal policy are a
giveaway. Peopie talk of the need
for a nauonal policv. while what
they really need s an international
policy We have proo! of the higher
sutvival value of export-dniven
economies. Any manufacturer
with a stake n the blossoming
East Asian markets 1s now enjoy-
ing a helpful cushion against the
doidrums m the US and Europe.

Another popular misconception
s a strong educational system
from kindergarten through univer-
sity 1s 2 key to a nation’s ability to
survive in the new world of export
industries Real quality of life
derves from exposts. not schools:
knowing 1s no sudstitute for doing.

The casualties ate your chil-
dren, who are growing up with the
gloom of lower expectations, fac-
1ng less work 1n manufacturing and
more in services When people
talk about the changeover to a
service economy, they gloss over
the fact that there has been hardly
any nise in productivity In services
dunng the past 30 years. {n a
service economy, expectaiions

are inherently limited. In brutal
temms, it means selling fewer cars
than the Japanese while trying to
make more money out of the Jap-
anese tounsts wisiting New York.
With the misconceptions about
service industries and education,
plus the union approach of getting
higher wages without waiting for
more cars to be sold. it is not
surprising that Amenca thinks it
has hit hard umes. If size and
wealth have b a disad

be done. the directton the nation
should go. We don't have that yet.
Second. there should be a polical

ism able to p 1 sucha
consensus. transl.a(e it into laws and
institutions. We don’t have that.
Third. the poliucal insttutions should
be nationally rather than locally on-
ented: politicians should believe their
job 15 to further the national interest,
not the interest of the 13th district of
Texas. We certanly don't have that.
Founh we should have an eﬁectne.

d smart professional gov-
emmem agency free of political inter-
ference to translate this broad man-
date into specifics. ‘We don't have
that. either. Finally. there must be 4
tradition of cooperation between gov-
ernment and industry, so industry
doesn’t view government as either 2
nuisance that it must get rid of or a
feeding trough, Does this sound like
reality n the US?™

Suaries or Suneet?

The future of US manufactunng?
Burstein sees two scenanos. "The
better case 1s the decision makers
will hear the wake-up call and get
moving There will be new capital

tage. however, they can be turned
around agaw. The vast marketand
general acceptance as the world's
leader are powerful aids. All you
need is a few simpie conceptual
tools and goals on which to focus
your tremendous energy.

The US leads in aerospace,
chemicals, and many other indus-
tries. You must make further
progress to strengthen positions
in which you are aiready strong,
focusing on exports and malung
better products at a cheaper pnce.

Nobody can compete with
Americans In the sports they
really like. Make exports a sport-
g game and world competition a
nval team. When the top exporter
gets Superbowl ateention, you will
have won the game. This means a
poorer government and richer
people who, like a winning team.
have the strength and aglity to
adapt quickly to changing situa-
tions. It s also a basic condition of
freedom and democracy.

Stef Werthetmer
Chusrman
Iscar Ltd

Tefen. Israel
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nv in plants and equipment
and new human resources policies
that bnng in huighly quatified factory-
floor specialists, and these profes-
sionals wili participate substantially
in product design. Iromcally. per-
haps. the biggest saving _race will be
that Japanese companies wil con-
unue shifting their manufacturing to
this country, together with their

g and proc q
approaches. Japanese transplants
and Japanes:-Amencan joint ven-
tures will signdficantly renovate faci-
wes and adopt new ways of coping
with industrial chailenges. { hope
they'l bring more of the:r better stuff
here than they have so far.

"The worse case 1s we don't
respond and there's a continuing ero-
sion of compettiveness. It won't be
apocelyptic: manufactunng won't dis-
appear m America. This country 1s
too big. the manufacturing base 100
{arge. and the domestic market too
great for it to be lost completely.
Nevertheless. we could see a signif-
icant deepening of the curve of lost
competiiveness.”

“We're not going to drop into the
abyss.” adds Lester, "but [ have little
hope {or the short term because too
many US policymakers don't yet per-
ceive the situation as a full-fledged
cnsis. The problem is insidious.” ®
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FUTURE VIEW

hen the Hudson

Institute published 2

Yook over five years

ago called Workforce

2000, 3 study done
for the US Department of Labor.
researchers, pundits, and after-
dinner speakers made its title 3
buzzword {or trouble ahead. The
book offered three visions of the
economy at the turn of the century:
the surpnse-free scenano, in which
the economy and labor {orce grows
slowly, with unemployment at just
over 7%: the world-deflation or
global-recession scenano. wth over
9% . and the tech

boom scenario, where growth
rebounds to post-World War 11 levels
and upemployment drops to 5.9%.

Whichever view you chose. you
saw the manufacturing labor force
shrlung both absolutely and rela-
tively, though productinity could rise
through new technologies and man-
ufacturing systems that improve
quality. cut costs, and ruse output.
This prediction was based on what
Hudson called the Five Demographic
Facts.

® The Shrinking Pool. By 2000,
the population wll probably be only
15% greater than in 1985. US Bureau
of Labor Statistics estimates range
from a conservative 7% growth
(based on low ferulity. high death
rates, and few immigrants) to 18%
(based on the return of large families,
lower death rates through advances
in cancer and AIDS treatment. and
many immigrants). “Throughout the
‘708 and early '80s, the US managed
to sustain 3 nsing standard of living
by increasing the number of people at
work and by borrowing from abroad
and from the future,” says the
report. “These props under the
nation’s consumption will reach their
limits at the turn of tbe century.”

® More Older Workers. As the
population (and workforce) averzge
age nses, the pool of young workers
shnnks. {a 1986-2000, 38% nore
peopie will be 1n ape group 35-47,
67% more il join age group 48-53.
At the tarn of the century, oaly 13%
of the population wll be young (20-29
years). Workers' ages track these
trends closely. In 1985, 38% of the

workforce was in age group 35-34:
25 million workers, half the pie in the
standard chart. will join this group by
2000.

@ More Women. There will be
more women workers. though the
rate at which they join tbe workforce
will taper off.

© More Minonties. Minorities will
make up a larger proportion of work-
ers than in the past.

@ More Immigrants. More new
workers wll be immigrants than at
any time since World War I,

The Siitis Gap

What will it cost to train these new
workers—the “nontraditional” ones?
What will it cost to retrain those now
on the job? Nobody knows, We don't
even know how much industry
spends on training today. The
National Association of Manufactur-
ers (NAM) says $30 billica annually:
the Amencan Society for Training
and Development says $50 billion.

Though the federal government
has no reliable figures, the Presi-
dent's Council on Competitiveness
does estimate the cost of closing the
“sklls gap.” The pnvate sector's
tramng efforts. which now affect one
of every 10 workers, would have to
reach three of every 10. The price
tag: $388 billion.

Why is the bill so high? The sta-
tistics are familiar but still horren-
dous. The Bureau of the Census tells
us that one out of four births in the US
1n 1990 was illegitimate. Broken
down by race, 57% of births to black
women, 23% of births to Hispenic
women, and 17% of births to white
women were illegitimate. Over two-
thirds of births to teenage mothers
were illegitimate. and 90% of births
10 black teenagers were illegitimate,
Babies born out of wedlock are likely
to be poor and disadvantaged. but
babies bomn to teenagers are at the
grestest risk. 30 these figures are
benchmarks for trouble in the
workforce of 2010.

As for peopie on the job today,
with one of eight employees reading

]
The Ediors

at no better than fourth-grade level
and ooe in five reading at eighth-
grade level, the picture isn't rosy.
There could be as many as 27 million
illiterats and semiliterate aduits and
four milion with under 5 years of
school. The NAM expects US
empioyers will soon be hiring a3 mil-
Bon workers a year who can’t read.
write, or count adequately. Those
already at work will have to be
retrained —all 30 million of them.

It woa't get better. The NAM
pomed out in 2 1990 repott, Amer.
ica’s Workforce in the 1990s, that “as
jobs grow more demanding, educa-
tion and training deficiencies will con-
tioue to cause 3 fundamental rus-
match between jobs and workers that
will secessitate s - batantial expan-
sioft n corporate training.”

Managing the Posl
Manufacturers are showing grow-
g concern over workforce manage-
meat because of the skills gap. Two-
thirds of NAM members surveyed by
Towers Perrin last Novemher
“some curreat difficulty”
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WILL THE WORKFORCE WORK?

filling professional jobs: S7%
reported difficulty filling technical
jobs. and 52% reported some diifi-
culty finding skilled craftspeople.
NAM members expect these short-
ages to ease m five years: the per-
centages drop to 47%. 39%, and
33%. respertively.

Asked what workforce 1ssue was
-10st important in corporate plan-
ning, members indicated powerful
concern for the kind of worker hired.
That 1ssue outranked even labor
shortage. Why? “Although the growing
number of women. minonties, and
immigrants n the woarkforce was not
the subject of this survey, it 1s an
1ssue that casts its shadow on the
problems of Jabor shortages and skills
£aps  Yet 1t 1s extremely important
to tap these nontraditional groups in
umes of shortage There are “self-
interested reasons.” says the NAM
It suunds as though we'll hear a lot
about managing diversity 1n the next
decade.

it you work m Califurma for a
high-tech company tike TRW Space
and Defense (Space Park, CA), how-

ever, diversity is a fact of life. and
William izabal 1s the diversity man-
ager. As such, he iold the N |

the decade. Diversity management is
a pnonty matter at HP: CEO john
Young put it on tis list of top 10
strategic objectives in 1989,

“Diversity is a business issue.”
Lyrch told his NACME audience. "It
takes $50.000-3100.000 to get a new
engmneer up to speed. You invest six
to seven years in trarung and devel-
opment. Without opportunities. that
person will leave. probably wn the
sixth to tenth year of employment —
those are the crucial years.” HP finds
the most vulnerable group to be
women and mincrities with advanced
degrees.

In high-tech companies all over the
US. diversity managers face a major
obstacle. however: workforce

ing and fl. of

ment fayers. It's not enough to hire
someone and give hum or her a pay-
check every month, Lynch says
“Diversitly management means
retaining, developing. and promot-
ing. It means an action program n
which all managers play a role.”

What's the solution? Every corpo-
ration has a culture, Find out how 1t
works. and then make 1t work for
these nontraditional employees.
“The most frequent reason female

/! fs af

Acton Council for Minoriues in Eng-
neering (NACME) recently, he deals
in facts. not feelings. Facts mean
demographics,

bl

pr s give for
leaving 15 exclusion from the old-boy
network." says [zabal. His studies of
TRW produced an nterestng fact:
employees central to social networks

“There are some vers in
the company,” he says, "so | give
them demographics for the Los
Angeles labor pool that we draw on:
30% of the population Hispanic, 11%
Asan, 11.2% black, 39.7% white.”
The K-12 school population 15 58%
Hispanic. “That's the workforce
coming up today, not years away." he
says. TRW's own demographics
reflect the change: on the technical
staff today 45.6% are minonities; n
the overall space/defense workforce
at TRW, a third are minonties. “You
don’t ignore numbers fike that."
lzabal tells managers.

Over in Palo Alto, at Hewlete-
Packard. John Lynch has the title of
corporate manager for Equal Employ-
ment Opportumity/Afficmative  Actson/
Diwversity, which nicely reflects
changing concerns of employers over
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inan or tend to be seen as
influential and get more promotions
than others. So it follows that engp-
neers and scientists who become part
of that network are more likely to
stay with the company and be pro-
moted.

“Al certain levels, in companies
like ours.™ says Lynch, “the technical
skills are there.” What's missing for
women and minorities are non-
technical. “soft* things like visibility,
relationships with key semor manag-
ers, support systems, good advice
about when to move to another job.
“You have to measure these soft
things,” says [zabal, “‘because they
determine whether an employer 1s
preferred by this new workforce.”
When good technical people are in
short supply, employers tike TRW and
HP ~rant to be preferred.




Chaos on the
Tralning Scene
Wedon'thavea

national industrial

policy (except by

default} to guide a
monumental effort to educate and
train the workforce of the next cen-
tury. We don't have 2 national edu-
cation system, a national apprentice-
ship system. a national curnculum,
Given these facts, it's probably just
as well that we don't have a national
competence test to tell us how bad
things are.

Billions are spent and no one Is
sausfied. fohn W. Sinn, protessor of
manufactunng technology and asso-
cate dean of the College of Technol-
ogy at Bowling Green State Fniver-
sity {(Bowling Green, OH). descnbes
the chaos:

@ Little or no coordination among
primary and secondary schools, two
and four-year colleges and universi-
ties. and graduate schools

® Little connectron between edu-
cators and business. though business
1s educauton's customer

® No linkage of math, science, and
technology n technical programs

® Obsolete equipment and obso-
lete instructors on campus

® Inflexible bureaucratized and
politicized educational structures
from state to local levels

® Overlapping and conflicting
technical and professional groups. all
busy with turf battles rather than
useful agendas.

The result. says Sinn, s “muchtech-
nical eds nis isofated. disj d
out of date, and irrelevant to the
needs of a technological culture ™

lerry L. Monson has 2 name for
what Sinn descnbes He says there's
been a “'paradigm shift” in manufac-
tunng that nether educators nor
manufacturers yet understand (see
tables, pp. 52, 54}. He's been pon-
denng these 1ssues since he left a
metal fabncating company to become
vice president for customized train-
ing at Minnesota Riverland Techmcal
College 1n Owatonna.

From the perspective of three
decades of manufacturing experi-
ence, he looks out over the campus
and sees flux. “The distance between
management and shop floor 1s shnnk-
g fast. The skitis once specific to
each group are heyanming to blur and
meld.” Shop floor wurkers now need
to read, wrte. communicate verbally
with each other and :n groups. col-
laburate, handle statistics. and use

computers.

The pressure on educators to
meet these new demands is intense
and will only increase. yet schools
resist. "The typical educator on the
front line,” Monson concludes, "has
not yet realized that his competitor is
not at the college or university next
door but across the ocean.”

Chicken or Egg?

One such competitor in the high-
tech area 1s Waiter Ebersheim. who
occupies the chair for manufactunng

ng at WZL (Lab y for
Machine Tools and Manufactunng
Engineenng), Aachen University of
Technology (Germany). Ebersheim
has been watching the US system at
work over several decades and is sull
astounded. In the md and late '60s,
when groups from the US came ta
look at the German educational sys-
tem. professors would complain to
him that in the States they couldn’t
Ret research contracts from industry
because industry said they had no
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reputation. How could they gam
industry’'s confidence if they never
g0t a chance to show what they could
do? Ebersheim calls this the
“chicken-or-egg™ problem.

Though Ebersheim has been hs-
tening to these complaints for 20
years, heis sull amazed at the results
of the deadlock. He remembers com-
ing to the US in the '80s 10 work with
MIT and looking into the teaching lab.
"I found 2 machine tool museum!" A
few years ago on a Califormia visit he
discovered that the lab at Stanford
Unsversity had just acquired its first
NC machine tools.

At the tme of his Stanford visit, by
contrast. Ebersheim and his col-
leagues back in Germany were hard
at work on a CIM curniculum to be
taught in 3 university-run CIM fac:
tory. Students would conduct indus-
trial projects as they were trained 1n
advanced technologies, desigmng a
part, creating a program to make 1t,
measure it and test it, order maten-
als, schedule, and assemble.




Because 1M
demands tlexibil-
1y above all tand
humans are the
most flexibie
resource'. and

ifelong learmung 1s part 5! iermany s
.rdustnal policy the new CIM tac-
*arvy provides for workforce upgrad-
g Workers will hit the campus dur-
N school vacatons in groups, work
uwt the factory tor a week or two.
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feturn 10 their companies. snd come
tack agan as needed

Even in Germany. where the
ndustnal pohicy gives pnonty to CIM
and ifelong learning. college profes-
sOrs can't create such projects by
decree. Ebersheim says an intense
{obbwing eifort ac federal mimistnes of
economics was needed. (Note that in
Germany creauon of workforce skills
1$ an economic matter. not an ecu-
catonal one.) ln the end. the most

svmpathetic otficiais were .
Hannover. and the factory is fising
there. Hannover worked vut the cur-
nculum jointly with Aachen 2nd the
technical university in Geneva, Swit-
zerland, where Ebersheim holds 2
teaching post.

Partnerships. savs Ebersnem.
can get away {rom the Pardivzing
question. “Who takes the first step-”
1n 1975 WZL sent experts to calom-
bia and Brazil to establish such a

1 compemy
2w~ Millar eves mere tham ber sshed- »
e . coship in Japee amt & pexmenent jobs

for i.vnpy 1

traising depastmer.
..&cbml-wmhp&
Millex: Lonsming in » fous-step process. [ see it
iag o ix every departeent all the time. (1) Each
syvtemutically

idestifies technologies and

mg 2o ‘enae . ont the Fojtsu way oaw
tungy whi. Somyp famihar and necessary things. When
he comes bhome this year he'll be heading to
Rochardsoa TX. to help set up Fumsu Amenca’s cew

dpe that mest be mastered to support
nummﬁmuingsmmcmmsuﬂmembers

igned the job of acquiriog the cew knowledge 1n
dev'.b:(.’f)mth:’sdon.mgemmsuﬂbegmsto

“80-maliion mg
MANUFACTURING ENGINEERING asked Miller
to share his masde view of this high-tech Japanese firm.

ME: What mind of engimeers does Fupitsu kire?

Mitler: Almost all manufacturing engineers here
come nght from schoot, wmith no knowledge of our
products or production methods Most graduated from
the specialty high schools. very few from four-
vear-college programs. Advanced degrees are rare. In
2 manufactunng engineenng department of 300, you
prodably woa't find one person with a graduate degree,
though you mught find a few in product engineenng

ME. What about the plant floor?

Miller: Most production workers come out of the
standard high schoois A small percentage come from
the specualty high schools, and 3 {ew support staffers
come from lour-year college programs.

ME  Then what's the career path?

Miller: A college graduate might move into quality
control, manufactuning engineenng. or a fast-track
section within 2 preduction department. A high-school
graduate might gu right to the plant floor. perhaps
maving up o group leader Ar even supervisor

ME: How selective 15 the company 1w hinmg?

debugging, and support-
mg the oew synens, (4) tht dcpamnent now begins
a senes of tech and
instrument makers, other related hudwzrc and soft-
ware vendors, ot the company’s own research labs when
they are the source of new machines or methods. Vendors
and staff eugineers are sitting at tables ponng over
speciiications and design details all the time 1n our
deypartment, bringmg in expertise.

For example, one person—or a small number of
people—in the manufacturing engineering department
mght focus on a hardware or software development
projéct for several months or looger, all low key. while
other people n the section busy with their own work
pay little attention. If it’s clear six months later that
this small development effort will let the staff do

new or make an improvement. more peopie
get wnvolved, and the effort intensifies.

ME: Are there lessons here?

Miller: Yes. When development work goes on in
the factory side by s:de with everyday production.
when leaming new things on the job 13 part of the
normal work routine. ind when people are given ume
to learn those things. you get amazing results. People
who came (nto the company with no specral education
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partnerstup. The Aachen people set
up a manufactuning engineering pro-
gram. installed equipment bought
with a mulumillion-mark donation
from the German government. and
told their partners to say. when the
chicken-or-egg problem came up.
“We don't have the experuse to do
your project alone. but our partner in
Aachen does.” [n the process of sell-
ing your partner’s expertise, he says.
you acquire what you lacked at the
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beginning.

in short. 1's ume for Monson's
new paradigm to show ttseif—for US
educators to stop blaming each other
and start talking to industry. and for
US industry to stop blaming educa-

going to keep asking who's gong to
go first?

Alllances
Don t hold your breath waiting for

agenda. Don't

tors for workiorce deficits and start
tatking to the schools. Even if you
give up on the kids. educating adults
on a lifelong basis for changing tech-
nology means the two will have to get
together sooner or later. Are we

expcct President Bush's Thousand
Points of Light to wink on 1n time to
light up manufacturing's needs.
Henry P. Conn. who heads A.T
Kearney's Total Quality Manage-
ment consulting practice and has

or ¢ot red

i gemer~
ating suueanou rorpmd\mot 108 mvm
staff

evab-

uating and fol.lovm; up. At the plant-flocr level. the
staff can pursue any suggestion it wants. That's what
turns ideas wito impr Our facturing
group 1s no different: ou.r)ohm.obmldpmdnm meet
delivery dates. and make improvemeats.

ME: Any tps about working im teams?

Miller: Not one. ! discovered that no one talks
about teams here. No one has philosophic arguments
about who should be 1avolved in a group. If you assume
no one human ever has ail the information needed to
solve a problem. you know the process will take place
0 2 group. [f the work group doesn't have the exper-
tse. you look outside 1t and pull the nght specualties
across the boundaries. Group activity itself doesn't
strengthen expertise or generate it.

ME: If US companses start borrowsng from Japanese
werk styles, will the ME's role become more important?

Miller: [ think that's wishful thinking. The manu-
factunng engineer becomes more tmportant 1 3 com-
pany only when everyone in that company, from the
CEO down, believes manufactuning power is impor-
tant. The pecking order here 18 not so different from
plants at home: the top executives all come from
design. What's different is the people in manufactunng
aren’t on a track —{ast or slow—to anywhere eise.
Power builds through expertise. the company says. so
the engineer with 15 years' experience 1s more pow-
erful than one with five.

ME: Speaking of power, how about financial power
i the company?

Miller: Tl.c manufacturing managers are the finan-
cal heavyweights. Everyoae does budgets. cost
accounting for activities i the group. planning for
machine investirent and depreciation. They funnel
those data to the central accounting group in the plant.
which keeps 1 low profile. All the executives under-
stand that when you're constaatly pushing the perfor-
mance envelope, you must get new automation.
Sophisticated cost accounting doesn’t build better
products. People here keep cost justification simple.
so design and manufscturing staff can focus on reducing
cost, time, and cefects.

ME: Fujitsu invested in you. Is the company worricd
about 1t?

Miller: Our markets are down now. and cost-
cutting pressure it intense. but I'm not affected. The
company said I'd be here for 2% years, so ['ll be here
for 21/ years.

I'm finding out how this company keeps things
moving through organizational and individual willpower
and commitment, That's enough for Fujitsu. But
remember—1'm a coflege professor. I'm sure reality
will kit me on the head when [ armive at the plznt in
Texas.




recorded a some-

what apocalyptic

vision in a book

calted Werkplace

2000, believes

that would be a
waste of time. “Our educational sys-
tem has always been parochial, frag-
mented. and selfish,” he says. {t'sup
to local businesses to get together.,
take on a few kids apiece, and iy
somethmg new.

I have been percolating up
from commusities. regions. and ¢ven
state capitols, not down from the
federal government. Local alliances
are being forged: community
resources —however unsausfactory
they may look at first glance—are
being tapped: regional coalitions of
economic development groups. busi-
nesses. and schools are formung:
industry 1s bankrolling high-tech
traing Centers on Campus: pay-
for-siklls or pay-for-knowiedge pro-
grams are blossoming. That's the
Amencan way: 240 schooldays a

vear. asn Japan. is definitely not the

Amencan way.

Compames with skills cnses on
their hands. hke Will-Burt Co.
tOrrville. OH). a fabricator of
machined parts for Volvo. Mack. and
Raytheon's Patriot Misstle, mustact.
They have no time to blame the
schools that didnt teach Johnny to
read. Will-Burt. facing liquid

because of product lability sus.
took a close look at s workforce.
Like many manufacturers with quai-
Ry problems. the company hadn't
realized the size of us skills gap. ft
found workers using bluepnnts who
couldn’t read them and workers using
scales who couldnt understand the
readings. The company teamed up
with the University of Akron to
develop a math-literate workforce. It
now has a premium-quality product.

Not everyone turns to the schools
first 1n a crisis. Another auto parts
manufacturer. Plumley Companies
(Pans, TN). knew how poor the gen-
eral educauon system was around its
plants in western Tennessee and
northern Mississippi, so it led the
assault on educational problems
nside and outside the plant. Manage-
ment began with the basics: teaching
workers reading, writing, and math.
Now there's a plant staff of teachers
who prepare workers for cectification
as quality engineers and techmcians
and e courses for the GED. At the
same time. the company wn highly
visible in the education system, with

s2

a flock of employee- volunteers acting
as subsutute teachers in the local
schools and serving on school boards.
In fact, it"s one of only 16 compantes
to win the US Department of Labor’s

The group now numbers 18 and
represents a cross-section of the
greater Cincinnati precision metal-
working mdus(ry 1( incorporated as

award LIFT (for “Labor | ing for
Tomorrow™).

Bili Lewis, who heads the machwe
ool technology department at North-
ern Keatucky State Technical School
{Covington). firmiy believes in stra-
tegic alliances with industry. The
trick 18 10 get a core group of the right
people to work with you. Then they
can recrut others. He set up an
advisory commuttee for his program
composed of people from four key
Cinainnati-area companies: Kenna-
metal. GE Awrcralt Engines. Mazak.

a or (to bypass
educauonzl bureaucracies) and
started offering courses in skills area
workers needed that were conve-
ment and cheap: 20 hours of statis-
tical process control trawung for
$100, 25 hours of geometnc dimen-
sioning and tolerancing for $200.
Courses were up to date: the GD&T
teacher was a General Electric
employee. the SPC teacher worked
for Ford. a tramer from American
Soctety for Quality Control taught the
quality course.

sy 1992
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With all this
tuition money 1n

aBock of glossy bro-
chures, media ads for the program, and
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says James Duderstadt.

president of the Univer-

sity of Michugan (Aan

Arbor) and an engmeer.

“In the ‘90s we'l find out

more about what the
f; ing

a fat. impressive ring binder wath color
photos of trainees at work on shmy
high-tech equipment. lists of precision

metaiworking job requirements and pay
scales, answers to questions about
careers—even a video bound mto the
cover. Every high school counselor m
northern Kentucky got a binder; every
tugh school graduate m northern Ken-
tucky got a set of slick recrutting bro-
chures: everybody who visited the Cin-
annat convention center for a sports,
boat, travel. even a home and garden
show saw the commattee’s booth.

John Sinn, who has a sumular suc-
cessful advisory group at the coliege
level at Bowling Green State. says
you don't need a board of overworked
and uninterested executives per-
forming a “communty service.” You
need a working board that meets
once 2 month or so, with almost
every ber in at that

really 18.”

Duderstadt's adwvice?
“Get the broadest passi-
ble education now. [ doa't

tiberal educanon. Avoid
specializabon a8 much as
you can. The technology
is moving too fast to keep
up without constantly
upgrading skills. Our
engineers shift out of
engineering 1n about
five years if they don't.
They mugrate to mar-

keting,
or elsewhere.”

Kearney's Conn agrees. "Beingan
engineer 1s not good enough. When {
was in engineenng school we took
engineenng English, engineering

teally works (or your program all the
ume. even traveling to the state cap-
1tol—or Washington—to lobbv.

The K

"1 don’t think the umversities or
industry have yet come to gnips with
what the manufactunng disciphne will
be in the "30s. much less n the first
two decades of the next century,”

engineenng ethics. Why
not’ We were i 3. after all.

fragmeuntary and repetitive approacn
schools favor. Dean Ementus Joe
Bordogna of the University of Penn-
sylvamia (Philadelptia) toid the
‘Janonal Society of Professionai

The ME of the future won't focus on
marhine utilization and lzbar cument.
We don't need narrow skitls: we need
multifunctional people,™

There's another (actor here that
makes Conn’s and Duderstadt’s
2dvice even more meamngful:
recruitment. Students are being
dnven away from engineenng by the

s board last year. They are
repeued by curricula that promise a
steady diet of the same subjects thev
studied i hugh school. Only at the
end of the engineering educauon pro-
cess, ifat all. do studenzs finally see
the nterconnections among special-
ized areas of knowledge.

The result? Engneenng gradu-
ates with no expenence in mak-

I
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ing connecuons
among seemingly
different dis-
covenes. events.
and trends —with
no syntheuc skills.
Even more serious. said Bordogna. is
the effect these graduates have on
US manufacturing compeutveness.
*The mnability to look at technok
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practces. Out of these Ford picked
three key categories. That basic
enqneering was one IS NO surprise.
but [ook at the other two: quakity and
nterpersonal.

How will Ford of the future be
different? The manufacturing eng-
neer will work much more closely
with product design engineers and

development as a whole 1s the pnme
reason why US manufacturers can't
get competmve goods out the factory

hov would this new cu.mculum
work? Studs would be ¢
with hands-on acuviues nght from
the start. saxd Bordogna. They would
iearn to define prob

with them on the same
techmcal ievel. like it or not. The

goal, says Ford. 15 not 10 make a
designer out of the ME but to make
the product the highest qualuy and
the lowest cost. That means talking
the design people’s language well
enough to exert strong influence at
the point when most product cost 1S
established.

Ford anticipates the shift 1n the
ME's role on the plant floor that
others mention. with technologists

US Department of Labor/Amen-
can Society for Training and
Developmen( researchers

alternative solutions. and expenence
“‘the excitement and frustration
caused by creative desxgn. limuted

da lou wish list of tech~
nical skills in the late ‘80s when
they began a major study called
Wnrkplau Basics: The Skills

-m
creating a new product or sys: n."
There's another advantage of the
approach. said Bordogna: "The tough
courses in science and math that
would follow these hands-on expen-
ences, the ones that dnve many an
engineering student away. would no
fonger be taught 1n a vacuum.” By the
ume they came along. students would
see the connecuons between these
fundamentals and the goal—they'd
see the relationship of process and
pnnciples he feels 1s so crucal for
engineers in the next decades.

The ME In Ford's Future

Ford Motor Co. seems to be on
gordogna's wavelength. The com-
pany descnbes the manufactunng
engineer 1t needs to handle its future
factones in one word: “integrated”
{1ts report 18 titled *The Need for an
Integrated Engineer in the 1990s™).
This conclusion doesn't represent a
consultant's vision. Ford decided to
g0 out to the plants and ask the
workers doing its jobs today what
skills they needed now and what skills
they would need in five years.

People from plant manager and
chief engineer down to eniry-level
engineers and production and main-
tenance Supervisors gave interview-
ers their skills lists. Ifatleast haif the
employees doing a job said a skiil was
mandatory. it went on the official list.
The skill categones for Ford's MEs
now form a bluepnnt for the com-
pany. hasic engineering, matenal
handiing. finance/business. qualey.
plant engineering, personal compui-
ers, safety, supervision, nterper-
sonal, maintenance and production

dge. and open
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Want. They got a sur-
pnse. The most basic skill employ-
ers needed was °'learning to
learn.” James F. Barcus. Jr.. ina
president’s message to SME
members last fall, called it “the
lifeblood of manufacturing. possi-
bly manufacturing’s No. 1 prior-
ity.™ It's certainly tomorrow's sur-
vival skill, Here's a look at some
survivors.

Henry Martin has worked at
Procter & Gamble's plant in St.
Bemard. OH. for 25 years. He
was a loader when 2 maintenance
machimst job opened up—a good
job, an interesting job. more
money. He had the seniority but
not the tramng. P&G. which had
recently restructured its plant
around teams and technicians,
decided to help Martin. a high-
school graduate, get up to speed.

P&G staff and people from
Northern Kentucky State Techni-
cal School, nearby in Covington,
collapsed a two-year program into

Toress Srowsiog: They colf ou the sow mmjerty.
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one. building on the skills Martin had.
In '89 Marun became a fuil-ume stu-
dent in a tailor-made program. while
P&G pad his tuition and supplies and
sent um his paycheck every Fnday.

Martin hadn‘t done homework in
25 years. The kds in his welding
class were his own kid's age. Tngo-
nometry almost killed him. Worst of
all, his son. who had just gone off to
college, started coming home on
weekends to give tum advice. “When
{ fell asleep on the bed doing home-
work.” says Martin, “he'd wake me
up and tell me to sit at the desk to do
it=just what Jused to tell him. It was
comic!” Meanwhile. he had chores to
do along with that trigonometry —he
raises beef cattle on his farm out in
the country. Now that he's back at
P&G in that machinist job he wanted.
he's thinking about going back to
school on his own. Whether he does
or not. he's learned how to leare.

Teresa A. Browning has u\o
grown children. two horses. a 2.3
GPA. and a Myrtle and Earl Walker
scholarship from SME. After auditing
iax returns for the State of Indiana
Department of Revenue for 20 years,
“I had a job. not a career. [ didn't
know what career goals were, So |
took a chance.” She quit her job, took
her retirement money. and invested
1t in herself.

fn May '93 she'll
graduate from the CIM
Manufacturing Tech-
nology program at
Indiana University-
Purdue University at
Indianapolis. Why
CIM? It promused van-
ety and hands-on. she
s3ys, and it's delivered
(the photo shows her
at her co-op job at
Allison Gas Turbine
with designer Madhu
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coming to the forefront as supervi-
sors. MEs will need a four-year
degree in engineenng or technology.
The name of the degree—manufac-
turing engineering or mechanical
engineenng or technology—is not
the 1ssue. Skills are the issue.
Ford's “generic profile” of the ME
of the future 1s summed up in a word,
"flexbility.” Achieving that profile
will mean self-improvement: “"Con-
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tinuous lifelong learning has become
an essentia! ingredient for the ME's
persoral and professiona! develop-
ment,” says the profile. “"Future
MEs must be exible enough in tem-
perament and skill acquisition to
adapt to rapid ch w technol

Yasinsky. executive VP for Power
Systems. Westinghouse Eleciric
Corp. (Pittsburgh), described this new
breed at the University of Pittsburgh
fast year, the MSE will understand
the role manufacturing plays n the

.24
and business conditions.”

Could this descnbe the “manufac-
tunng systems engineer” we keep
hearing about? As Dr. John B.

Chatterjee at the con-
trols of his new heat-
treat equipment). Uniike
Henry Martin, Browning
found others like her in
class. “They call us ‘new
majority" students at
fUP,” she says. “We're
older, we have work
experience, and we bave
been unhappy.”

What happens next?
Shell begin an MBA
program in August '93.

in e, no

after that. an MS.
*now that I've learned to be a
student again.”

Henry Conn joined Ford
Motor Co.'s Louisville. KY,
Heavy Truck Assembly Plant first
as a student trunee. then in 1964
as a manufactunng engineer. Like
many ambiious MEs. he started
working on an MBA at mght. It
took tim five years; along the way
he got 2 se~.ond master's and stud-
1ed languages.

When he became manufactunng
engneering manager at the ¢'unt,
the largest of its type (n the world,
he was ready for corporate man-
agement. but management wasn't
ready for him. Coming from manu-
facturing as he did, he was told. he'd
have o serve another 8-10-year
apprenticeship at the corporate
level to move up the ladder.

Conn had the skills and decided
not to play the game. He quit. and
took a Job as as corporate director
of manufacturing for Allis-
Chalmers’ Siemens division, and
then moved to TRW as a corporate
officer i charge of change and
quality. Now at A.T. Kearney, he
thinks about a future where jobs
depend on skills and performance.
not longenity. What skills? The
ME musz know how to “listen, wnite.

negotate. cajole. fackitate.”

Jnmes Shellaberger was a
machine operator and job setter
for 15 years in Dana Corp.'s U-
Jont Division plant nn Lima. OH.
For 10 of those years he went to
scheol at night, ending up with 2
handful of associate's degrees—
business administration, market-
ing, and production management.
Meanwhile. he moved around the
plant every chance he got and
made no secret of his ambition: to
be 2 manager and an engmneer.

In the hard times of the "70s.
nobody heard lim except his boss.
who took time to tell lum straight
out that his chances were nil. That
made Shellaberger mad,

“l was going to prove them
wrong.” he says. "l was going to
make it here, or make it some-
where else.”

While he was biding his time, he
bought a PC and kept busy teach-
ing himself computer language.
When he saw an ad in the local
paper for NC/CNC programming,
he signed up. At this point, total
computer power in our plant was
one PC-XT and one CNC
machine.” he remembers. After
that class, he signed up for an

Continued ox pg. 58

overall b . lead the quality
dnve. understand how to customize
products to meet the needs and >unt
the tastes of users around the world. -
and know how to make ard deliver
the product compettively.

In 1987 Westinghouse Electric
Corp. heiped Putt create its MSE
program to serve a global market
Global. high-tech companies seem to
prefer broad-based prigrams like
these over more traditional curnvuta
focused on mastery of leading-edge
technology and product-specitic
skills. Giants like Boeing. General
Motors, and Eastman Kodak heavil
support MIT's Leaders for Manutac-
turing master's program, for exam-
ple. To get multskilled managess
they are willing to provide intern-
ships and loans of executives

Engineering Education: Four
Yeurs? Ssven? A Lifetime?

How can the new skills be
crammed into the classical engineer-
ing program? Many observers sas
engineering Programs must he
expanded. “{don’t think vou can pro-
duce an engineer in four years.” savs
the University of Michigan's
Duderstadt. "f expect the MS 1o be
the entry-level degree for the endi-
neenng profession in the ‘90s. and |
expect it will take five years to get it
Four-year programs wll be for peo-
ple who don't want to be engineers —
people preparing for something else.
like medicine or law  Henry Conn
expects Lo see seven-year engineer-
Ing programs take off.

Some. like Marcus A. Clarke. Jr..
process manager. manufacturing
strategy and planmng, Ford Motor
Co., who prepared Ford's analysis ot
the integrated engineer of the fuiure.
suggest adding a year but qiving grad-
uates an MS at the end. as schools
like Rensselaer Polytechnic Insttute
(Troy. NY) do. The extra year would
allow time for summer internships
and co-op programs.

Most educators don'tlike the idea
At academic and Soclety meeungs
every year there's talk about revising
the curriculum to reflect systems
engineering, TQM, design for man-
ufactunng, communications skills. or
other pnonties-of-the-month. Sull.
according to Neil A. Norman, presi-

7
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dent of the Amer-
ican Society of
Professtonal Engi-
neers, who keeps
his ear to the
ground on such
matters, no engmneenng educator
involved with accreditauon wll com-
mit to a five or six-year requirement,
nor will the chief engineers of major
corporations’ support such a move.
Opposition is both philosophucal
and practical. On the philosophi
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mid to be replaced by a structure
more like a rectangle made up of four
groups of about the same size

At the upper level, people with
advanced degrees in engineenng and
business will manage and oversee
manufacturing operations. "MBA and
finance types will disappear rapidly
from this level of management.” says
Duderstadt. “It's unthinkable that
anyone without a strong technology

background-—-and that probabiv
means an engneenng degree—will
be put 1n charge of a manufactuning
enterpnse.”

At the next level, we find MEs
responsible for designing and inte-
graung the manufacturing process.
Reporting to them are the engineer-
ing technologists ta relatively new
speuialty) responsible for the
machines themselves, At the tourth

front. opponents say it's ndiculous to
ask schools to prepare students com-
pletely for tomorrow's factory: cram
their heads with all the engineenng
basics and all the leading-edge tech-
nology. and then stuff in the commu-
mcation skuls, financial and manage-
ment techniques. nternational
nsights, ergonomics, TQM, and con-
flict resolution techniques, and then
maybe shake 1t alt into place wath
hands-on expenences~co-ops and
internships.

Where will you find d wll-

Continued from pg. 57
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engineenng course, where he

died flexible facturing
systems. "I could see a revolution
In manufacturing was coming
fast,” he says.

In the '80s. while Shellaberger
was running 2 CNC lathe by day
and working his way through an

tng to spend seven years in school to
leam technology that’s only good for
five? These ¢niucs also want to know
who wll pay the bull for more faculty,
classrooms and labs. scholarship
funds. housing.

Gregg Bruce, who teaches manu-
facturing technology at Purdue timi«
versity (Lafayette. [N). 1s one of
these cynics. University graduate
programs i engineenng and science
emphasize mathematical theory
because they are tacred to the
needs of doctoral candidates, he
s2ys. What's needed are programs
that are better. not just longer. He
suggests that. instead of more the-
ory, a graduate program focused on
one technology or one industry wou!d
give students a good grasp of rele-
vant business issues while explonng
the technology’s engineenng issues.
Clarke also likes the 1dea of longer
programs in which students study
key technologies like control theory
or p system develop
on a graduate level after mastenng
the basics.

As the Pyramid Coltapsse,
the Technoiegists Ascend
Debates over curricula must
reflect the fact that the technical
workforce of the ‘90s will no longer
be 2 pyramid. with one person at the
top, below that field engineers and
technologists, and then a herd of

unskilled workers mzking up the
base. Duderstadt expects the pyra-

ing degree by mght. the
revolution finally came to Lima.
The plant began to automate. and
he got tus chance. Now he's a
CAD/CAM systems engineer and
a key member of the Lina CIM
team that won CASA/SME's
LEAD award last October.

How did Shellaberger know all
those courses would pay off? He
didn't. “Life 1s full of nsk for peo-
ple who want to better them-
selves,” he says. “There are no
guarantees that if you go to school
and work hard youll get ahead.
For me, it's 2 matter of interest in
life. When I'min my ‘60s, if [ don't
feel I'm leamning something new
every day I'm at work, I'll stop
nght then and there.”

Leo Potts, an {ndi lis pat-

CNC. His employer, Jacobson
Pattern Works. supphes produc-
tion gages and molds to corpora-
tions like Navistar, Chrysler. GM,
and Caterpillar. “The data from
those large companies comes in on
10" mag tape. and we must trans-
fer it to our system and out to the
machines. All of us 1 our union
local needed CAD/CAM and CNC
training. buce the small shops.
where most of us work, can't
afford 1t. They pay for apprentice
training. but that's 1t.”

So Potts got an okay from his
boss to see about CNC training,
and went on to Hurco Manufactur-
ng to get some advice. Hurco.
knownn the area for good traimng
on ns high-tech machines. got
involved nght away. One obstacle
Potts saw was academic credus:
most employers wouldn't pay for
trainng apprentices and others
wathout them. No problem: Hurco
had an educational partner. fvy
Tech (Indiana Vocational Techm-
cal College). If he could find the

tern maker. was wornied about

d lvy Tech would create
the courses they wanted. and the
pattern makers would
be on their way to com-
puter literacy (and Ivy

Tech credits).

Potts did. Courses
take up a good chunk
of time —eight hours
a week for 16 weeks.
Students often bnng
m a part from the
shop as an exercise
for the might class.
Potts’ boss and 29
other people have
taken CNC, and can
choose introductory or
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level we find the technicians and
operators. The “herd” of unskilled
will keep shrinking as we h
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high levels of technical competence,
will be filled by people with technol-

the factc T of the future.

Purdue’s Bruce has worked out 2
four-level arrangement similar to
Duderstadt’s and Ford's vision. MEs
will give over their production sup-
port and supervisory role to techai-
cuns. Jobs such as mamntenance and
production supervision. requiring

ogy or engi grees, by tech-
nical school graduates. or by gradu-
ates of advanced apprentice training
programs. Technicians will be much
more sophisticated than they are
today. Duderstadt predicts, and
machine maintenance wll require
four-year technology training.

What about the herd of hourlies? If

Ford has its way (and whether it does
depends on the supply of labor). all
such workers will have two-vear

i ' degrees in technology. as
they do in Japanese auto plants.
Duderstadt goes farther: such
degr requi . not
goals. "It's hard to imagine a manu-
facturer in the late ‘90s not requinng
two-year degrees so all workers are
up to speed ia math and statistics.”

advanced CAD/CAM.
MasterCAM,. and
CadKey.

How do you keep up
when your skills are
ahead of your job?
Potts bought a 386-
based PC to work on
CAD/CAM programs
at home, At age 36 one
of the youngest mem-
bers of his craft union.
he's going for the long
term: “Ten years down
the line | see myself in
a room with a CAD/
CAM systemn, a milling machine
and maybe a >the bekind me, and
my tootbox,"

Margaret A. Torzewski was
at college studying to be a music
teacher when she got married, had
four kids. and left the labor force.
When she divorced and needed 2
job to support the family (the
youngest is five. the oldest 12),
she knew teaching wouldn't do it.
So she went to the public library
and took out a book of occupa-
tions, Industrial engineering
caught her eye, she says, b

supervisocs
[ take everyone's udeas seriously, and
let them know [ do.” When conflicts
occur in her workcell, she says, she
can draw on experience: “When you
have lods. you become a mediator,”
The MT degree gives choices.
"When I graduate 1 could hire inas
a2 manufacturing engineer or an
industrial engineer or a quality
control i ." But she’s not

it had computers and a lot of con-
tact with people.

Now she’s in the CIM Manu-
facturing Technology program at
1UP along with Teresa Browning.
Like Browning, she's a Myrtle and
Earl Walker SME scholar. Work-
ing i plants as a studert has been
very important to her: “It's one
thing to read about manufacturing,
another to see 1t working. I'm
amazed at how much ['ve learned in
two months a3 a co-op at Alkson
Transmission.”

Any advantages to being a “new

looking for the fast track. She'd
like to work her way up the engi-
neennglevels and then think about
management. “I've heard that
technology and the MBA make a
good combination.” she says.
“But I don’t want to lose touch
with the floor. I'm not a paper
pusher. Some women d

g Shortag
Criels or Con?

Readers watching the public hand-
wringing over the shortage of eng-
neers may conclude. "Not to worry.”
Engineers are 5o scarce they'll have
ajob as long as they want. skiils or no
skills. These know-it-alls are in for a
shock in the next decade.

1 wish there were a shortage of
engineers,” says Joseph Coates. who
studies future trends in technology
from Washington. DC, for severai
engineering and professional groups.
"l there were, employers would
have to give the enguieers they have
now all the technology and educaton
they need 0 upgrade their skills and
effectiveness. And that, in turn.
would mean corporations were in the
process of rctooling to get n com-
petitive shape.”

Unfortunately. says Coates.
there’s no evidence this is happenung.
The laws of supply and demand have
not been repealed. The flat salares ot
engineers over the last decade mean
the commodity is plenuful. There's
another indicator too. A shortage
would mean the best and brightest
technical personnel from around the
world. especially from eastern
Europe and the Soviet Union. would
dow 1nto the US, “Ther economic
expectations will be unmet over the
next five to seven years, and they'll
move.” Coates predicts. “If they see
a shortage here, the US will become
their preferred first stop.”

When you hear talk about short-
ages, he says, look at who's talking.
Are they “people with a direct or
indirect interest in a shortage™ —staif
at the National Science Foundation or
the National Academy of Sci .
the Ities, the profes-

say they're hired to use their
brans, not fix mactunes. I'm dif-
ferent. [fthere’s a problem, [ want
to get my handsn it. Th= floors
where the action is, and that's
where [ want to be.”

sional societies? We don't hear talk
about shortage from one group —the
unemployed engineers.”

Shortage talk is most trouble-
some. says Coates. because 1t
“diverts groups like the engineenng
00eties from serving their members
on what everyone agrees is the most




unportant 1ssue
that exsts today:
technological

obsolescence.”
Lawrence P.
Grayson. acting
director, postsecondary staff, US
Department of Education, told
NACME last summer that when
starting saliries for engineers
haven't gone up in 30 years, and
companies are hiring fewer of them,
it would be sensible to conclude
industry is not concerned about
shortage. He, like Coates, thinks the
shortage talk distracts attention from
important problems like making bet-

ter use of the engineers we have,
When the Subcommutiee oa Sci-
ence, Space, and Technology of the
US House of Representatives held
heanngs on the supply of engineers
and scientists iast July, R.A. Ellis,
director of manpower s;_udies at the

testified there v;ere serious prob-
lems with the numbers. Neither the

federal government nor ag like
his really know much about supply
and demand for technical professioa-
als, he said.

The data from the Bureau of Labor
Statistics conflict with the data from

A recest sarvey of the top 25 US
Py A facted by

Fujitsee America [oe. (San Jose,

CA), disciosed a renewed

nE o ing oz the part of

MBA studeats. ‘‘Dramatic

chaages in mnﬁctum. have
d on the

manafacturisg treads in the '90s:

® Joint Global Developments.
Larger companies will acquire and
work with amaller, specialty shops
worldwide to eater and capture
niche markets. Engineering know-
how will diffuse rapidly across

the National Science Found

When numbers for ! groups of enll-
neers are presented together. or
numbers for some subgroup are pre-
sented as though they represent a
general pattern, journalists report
“shortages of science and engineer-
ing faculty, surpluses of older work-
ersnindustry. spot shortages of new
graduates 1 hot fields like environ-
mental or manufactunng engineer:
ng, and surpluses of graduates
other fields.” One group shouts
“Shortage!™ while ancther screams
“Surplus!” Both may be nght in a
given case, says Elhis, but they‘renot
talking about the same thungs.

He, like Coates and Grayson, pre-
fers to rely on the laws of supply and
demand. Real shortages should make
the cost of engineenng services nse.
{nstead, engineering salaries
reached their peak in the late "60s.
Ellis fimshed demolishing the short-
2ge noton by remunding subcommut-
tee members that manstream eco-
nomic thought assumes the
equilibrum of supply and demand.
Thus shortages and surpluses of
technical workers are nonsensical
concepts.

In short. if you're short on skills.
don’t count on the shortage! &

side,”
says Professor Steven Wheel-
wright, UCLA. “Tbe number of
schools mp

® Flexibility. Large-volume
procucts will continue giving way
to ized products.

or operations is increasing signif-
icantly, along with student eurou
ment and academic staffing.’
The study found business
hools adding facturing
courses in response to student
interest. Some 83% of the respoa-
dents offer a manufacturing cur-
rculum in ‘91-92. compared to
43% five years ago. Sixty-one per-
cent offer a manufacturing/opera-
tions management concentration
or major, compared to 48% five
years ago. The number of faculty
teaching manufacturing courses
increased at 48% of the schools.
Eighty-three percent reported
d py m in
manufacturing/operations man-
agement. And in 56% of the
schools, recruitment of MBAs into
manufacturing increased while 1t
dropped in many other fields,
Eighty-seven percent of the
schools report more students find-
ing jobs in manufacturing than they
did ﬁve years ago.
d see the (¢

& Advanced Axtomation. Large
and small factories will automate
to satisfy customer requirements.

® Skort-Cycle Production
Rednced design-to-delivery
cycles wilt allow gearing produc-
tion to customer demand for less
surplus and overbead.

©® Management Style Changes.
Mutifunctional teams will reduce
bureaucracy and increase worker
responsibility.

® Customized Logsstics. Tech:
nology will allow greater coordi-
nation and efficiency throughout
the logistics chain, from order to
delivery,

® Design for Manwfactuning.
Knowledge of manufactunng sys-
tem capabilities and limitations will
continue to be systematized and
incorporated into decision making
duning product design.

® Quality Management and
Control. Competitiveness will be
deterrned by instituting total
quality control management in every
step of the organization.




ince the US has no national
industrial policy, 12
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FUTURE VIEW
WHO NEEDS GOVERNMENT?

ICMS began as a partnership
b
the

turers are taking matters

nto their own hands by par-

tictpating in not-for-profit
consortia for collaborative research
to cut R&D costs. And now, at the
urging of the Department of Com-
merce, they are taking their efforts a
step further by formng a consortium
of consoruia called the Inter

I Center for
Manufacturing Sciences (Ann Arbor,
MD) and the Microelectronics Com-
puter Technology Consortium (MCC
n Austin, TX), but organizers hope
to attract more partners, such as
Sematech, CAM-1. and the Industnal
Technology Institute. The umbreila
orgamzation will coordmate the

and inter of

Center for Manuf ing S

(Ann Arbor. MD.

“While there are umique aspects to
each consortium's R&D agenda.
there 15 also a great deal of overlap,
which you might expect since auto-
motive, aerospace, and semiconduc-
tor manufacturers run into some of
the same problems.” explans Stephen
Ricketts. [CMS vice president of
research. "Members like General
Muotors participate i several research
consortia and are repeating projects
four or five umes.”

its bers. Talks are currently
under way.

The CEOs and executive vice
presidents of these consortia have
agreed 1n principle to eliminate
redundant projects by leveraging
their resources, For example. MCC,
NCMS, CAM-1. and Sematech all had
enterprise integration activities.
“Rather than each continuing on its

|
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individual path.” offers Ricketts,
“MCC won a large contract from the
Air Force, and all of the consortia wali
work under MCC in that effort.” He
estimates 2 savings of approxumately
$3~5 million n "92.

Another reason the DoC encour-
aged forming ICMS is to create an
industry-based organization that can
orchestrate the US share of research
nto the international Intelligent Man-
ufacturing System (IMS) project and
commercialize the results. Japan's
Mimstry of International Trade and
Industry (MITD) proposed IMS to
DoC in 1990. Originally, MIT1 had
budgeted $1 billion over 10 years to
sphit among Japan, US, and Europe to
do collaborative research. After a
sentes of tnlateral meetings. how-
ever, Europe and the US decided to
fund their own activities to preciude
ownership disputes.

Now there are six participants: the
European Community (EC), the




European Free

Trade Associa-

tion. Canada. Aus-

tralia, the US. and

Japan. Each par-

ncpating region
will select five members for each of
the three committees goverming
IMS: the international steering. tech-
nical, and inteliectual property nghts
committees. As the US secretanat,
DoC will appoint three representa-
tives {rom industry, one from
academiz. and one from
government to each com-
muttee to fill the US aeats.
It hopes to launch the US
effort someume next
month.

While other groups
orgamze, Japan's [MS
Promouon Center 1s pro-
ceeding with projects 1t
hopes will enuce foreign
companies to getinvolved.
There are snags 1n many
countnes. however Some
LS compames have con-
cerns about entangle-
ments with government
bureaucrats who do not
anderstand manufac-
turing’'s needs “IMS
comes with rules and reg-
ulations,” says Ricketts.
“Many members want to
participate in internauonal
research but not necessar-
ily under those same
terms. Europeans are
concerned about getung
nvolved 1n precision
machiing wath the fapa-
nese. They feel they have
some of the best machine
technology available any-
where and don't want to
give 2way their competi-
uve edge.”

The parties also disagree on how
to focus the project The Japanese
want to standardize the key manu-
factunng processes and systematize
them. which means dividing those
processes o autonomous machine
components that can organize them-
selves to do a task. The Europeans.
however. have taken a shorter-term.
different view and want to add more
automation to today's technology In
fact. they call the project the Future
Generauon Manufactunng System
program. "Americans are some-
where n the middle, knowing that
thtre are many autonomous artfi-
cally intelligent machines and sys-

)
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tems that must be developed.™ notes
Ricketts. “but we don't quite have
the clanty the Japanese have.™

Miiltaty Taps Private Fusua

The pnivate sector 15 not the only
beneficiary of research consorua.
For example, the US Army Missile
Command 1MICOM) —uts Research.
Development._ and Engineenng Cen-
ter's Manufacturing Technology
Dwvision —recently joined the Fuller
E. Callaway. Jr.. Manufacturing

gia Tech programs. MICOM now has
a 31 million resource. whicn 1s live
umes Its OWn INvestment.

MICOM wants better tlexibie
manuiactunng svstems for missile
electromcs, which includes sensor-
component fabncauon and assembiv.
“What they are doing at MARC 13
dicectly related to our interests.
says Dawvis. “Thev're invoived not
Just i basic research but also n
developing new manutactunng pro-
cesses and equipment. Being a con-

soriium membper wili
greatly enhance our work
In microelectronics 2ano
photonics ano will “e:p
reduce tuture Arm:
weapon production ¢osts
It willalso provide another
opportunity tor rapigiy
mserting new techrology
into military systems. °
When MARC demon-
strates a new technologv
tn 1its pilot factory. mem-
ber companies—aro the
graduaie stugents wOrK-
Ine on the proje;t—can
st ow to put tha, proven
technology into produc-
tion. From this vollabora-
tion. Davis also hopes pr:-
vate ndustry will iearn
how t0 make miltary anc
commercial products on
the same hne Transter-
ang new technology and
creaung capacity tor mili-
tary projects on pnvate-
sector production lines
will broaden the defense
prod base and. ulu-

recoatly balit 3 120,000-1t" lshorstery and sifice Laikding.

Research Center (MARC} at the
Georgia Insutute of Technology
tAtlanta) Born in 1987. MARC spe-
calizes in developing advanced man-
ufacturing processes for the elec-
tronics industry.

“With money so0 tght now in the
Department of Defense. we must
take advantage of every opportunity
to get more for our money," explains
John Davis. chief. MICOM Manufac+
turing Technology Division. His
operation will leverage its research
funds with those from four other con-
sortia members: Motorola, IBM.
Digieal Equipment Corp.. and Ford
Motor Co.'s Elecironics Division.
Besides more access torelated Geor-

mately, reduce weapons
cost.

Dr Michael § Reilv.
MARC's new director.
says the center encour-
ages cooperation and interaction
across a range of disciplines at Geor-
@12 Tech and industry By providinga
neutral environment open to all the
applicable disciplines. the center can
foster the cooperauon necessary to
tackle tough problems. While
research 1s one of the Center’'s pn-
mary goals. Kelly believes the pro-
fgram can also aid industry by edu-
caung a new generation of broadty
based engineers and scienusts who
can take a "systems approach” to
manufactunng.

Call Your Extension
Most university-industry actwi-
ues involve Fortune 500 companies.
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Even community colleges chase big
compames to balance their budgets.
No one bothered training a few peo-
ple i small local machine shops. But
shops like these fabncate the prod-
ucts that Fortune 500 firms design.
assemble. distribute. and service.
These 350,000 small US manufactur-
ers supply about 50% of the domestic
components and employ - ~ut 50% of
manufactunng workers. And 85% of
those manufacturers have less than
30 emplovees.

To intuse advanced technology
Inta these firms that constitute the
intrastructure of US manufactunrg,
the DeC sponsors five manutactunng
technology centers through the
Nauonal Institute of Standards and
Technology (Gaithersburg, MD).
These centers help small to medium

urers improve competitive-
ness bv providing techmical assis-
tance and traming. NIST hopes to
start three more later this year.

Rensselaer Polvtechnic Insutute
Troy, NY) was one of the first uni-
versities to establish a cooperauve
program with manufactunng compa-
nies. {n 1979, 1t opened its Center for
Manufacturing Productivity ard
Technotogy Transfer to bnng large
compams together to dea! with com-
mon technology problems. Now the
center also runs the Northeast Man-
ufacturing Technology Center
INEMTC). which became one of the
unginal three NIST manufactunng
technology centers in january 1988.

From a building that houses six
other manufactunng research cen-
ters on campus, NEMTC typically
services the New England statss plus
New York. New Jersey. and Penn-
sylvama. "NEMTC concentrates on
systems integration problems in
smai! 1o medivm manufacturers that
cut. bend, or mold matenals to make
parts.” says Gene R. Simons.
NEMTC director "So other {NIST}
centers refer companies to us if we
have the expertise.”

NEMTC also gets referrals from
state industnal extensi.n agents.
who work much lke the old agncul-
tural extension agents. New York.
for example. runs its extension ser-
vice through the New York State
Science and Technology Found:
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A Gilmpse at Collaborative
Manufacturing R&D in the EC

The European Commurity (EC)
has not been idle 2s Japanese and
US firms team up with universities
to leverage research funde. Eureka-
Famos. the EC’s R&D program. i1s
spending 6.8 million pounds on an
inte rated flexible assembty cell
technology. called InFACT It has
organized 10 partictpants in Aus-
tna. France. ltaly, and the UK,
including Bnstol Polytechnic n
western England.

The approach 1s based on the
concept of gener.c assembly. Up
to 80% of all assembly operations
are common to all assembly tasks.
while only 20% are product spe-
afic. By merging these common
processes into one system. In-
FACT can quickly change over to

e many families of
assemblies. alleviaung worries
about high investment costs and
fluctvaung demand.

ln the past, traditional robot
tachnology has been too expen-
sive or too inflexible. Researchers
hope to overceme that problem

with a transputer. a Briush-
designed computer on a chip
Linked together to form a power-
tul parallel processing controller.
transputers can do many functions
simultaneously, which 1s neces-
sary for integrating matenals han-
dling. parts presentation. and
parts niamipulation. Convenuonal
controllers with such functionahty
would be three umes more costlv
A pilot plant (photos 1s assem-
bling a vanety of demonstratuon
products. ranging from electncal
connectors to model rallwav wag-
ons. The machine has two gantry
robot manipuiators mounted
above work zones and uses a com-
mon palletized matenal handling
system. Linear »bratory feeders
deliver small components or piece
parts into the work zones. Users
wanung to assemble new products
stmply fabncate product-specific
tooling and fixtures (only 5~10% of
the machine cost) and medify
assembly instructions with a
menu-driven package.

the doesn’t have CAD, we

“In New York and. to a hmited
extent. In some other states, indus-
tnal extension agents visit local com-
panies to determine their needs and
steer them to the nght programs,”
says Simons. "If1t's a techmical prob-
lem. they usually refer them to us. If

1

help them get it. [f it has CAD. we
help them link 1t to NC equipment.”

One NEMTC client (in Buffalo)
controls 60% of the small market
supplying automobile wheel locks to
the Big Three and the Japanese
transplants. The locks are round lug

Y 1992

nuts with 3 clover leaf pattern cut on
the faces. The nuts foll thieves who
do not have the matching wrench that
fits the pattern. But the nuts caused
problems for more than potenuai
thieves.

The firm sends batches of nuts
with mixed patterns to its in-house
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plating and heat-
treating opera-
tons because vol-
ume of any one
pattern was too
small to justify
processing segregated lots. After-
ward, the tedious task of sorting four
identical nuts and packing them in an
envelope with the correct wrench
wasted one of the firm’s most scarce
resources, skilled employees. The
alternative, sorting wuh machine

roughly a third of what they would
have otherwise spent.”

Stwdont Power

To provide services. NEMTC
uses 18 students for field projects
and workinthe d ration facility

spreading more trained students
througbout industry by training
employees of small comparses through a
network of 17 community colleges in
1ts service region. {t established this
network because local tramning :n 2

and relies on a pool of faculty mem-
bers to provide technical assistance.
“Some of the most successful
projects put students in a company
for three to six months.” says
Smmons. “Students love these

VISION. Was exp the
pattern had no reference point and
required a factorial sort. which 1s a
lengthy companison. Quotes for such
systems ran between $250.000 and
$3

Through NEMTC. however, the
fietm got a simpler and much less
expensive option based on a $1100
high-resolution camera and a 386-
based PC. A graduate student work-
Ing on a similar problem developed an
algonthm for a PC rather than a high-
speed computer, which was much of
the cost,” recalls Simons. “When
they finish, their investment in the
vision system will be less than
$25.000 and the matenal hand!

they get far more authonty
than they would on typical co-op
assignments, and small companies
are much more receptive to student
help than large manufacturers. In
most cases, 1t's the first ime 2 small
company has had {input from) a
tramed engineer (ajunior or senior).”

At one New York company uswng
its second intern, the student 1s help-
mng staff bring in a product formerly
made in the firm's smail German sub-
sidiary. Originally. his job was to
convert CAD drawings. but he
quickly found timsel{ wniting manu-
facturing instructions and helping set
up the line.

Resid T

system another $50.U00. which 1

facing "tr " engr-
neering students, NEMTC tries

ble travel distance 1s the
cheapes(. most practical way to oper-
ate. NEMTC provides the course-
ware and trains the community col-
lege faculty to use it.

On typica! projects. NEMTC
funds half the training and impiemen-
tation costs: recipients fund the other
half and must buy the hardware them-
selves. Of NEMTC's 1991 $6 million
budget, half came from the federal
government and 2 quarter from var-
10us state programs. The remainder
came from fees and large-company
contnbutions. “There is no standard
formula for funding a project.” says
Simons. “If we're working with a
group of suppliers to a large com-
pany, for example, that company may
subsidize the activities with its sup-
pliers, If we're working with a com-
pany 1n New York. the state might
provide part of the funding.”

Simons believes the program's
future depends on Fortune 500 com-
panies adopting supplier develop-
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Fact. Now,
with EMUGE premium
machine taps, you can increase
productivity by reducing un-
necessary, unproductive set up
time. That means your machines
will be running longer while
providing high quality clean
and precise threads, for the
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lowest cost per hole. And that's
hole, after hole, after hole.

engineers for on-site help with
your specific needs.

Quality In Depth, Take Your Own Word
Designed to pro- For tt. Ask about our
duce class 28 Test-A-Tap program. Put
or 3B threads in one o more to the test
any materiai ... and you'll learn firsthand.
Every EMUGE why it's time to shift your
tap is the result production into high gear
of the world’s most advanced with EMUGE.
engineering, unmatched first-hand

st ricistol EI\ A

prietary use of unique

with your needs nat,

just ask one of our skilled sales %‘?i‘i's"be??‘ea o M3z 2200

Circle 78. Reade: Service Card

tutions for details.

R&D Consortia

CAM-1, Arlington, TX
860-1654

Manufactuning Research Cen-
ter, Georgia Institute of Technol-
ogy, Atlanta (404) 894-3444

Microelectronics Computer
Technology Congortium, Austin,
TX (512) 343-0978

Nationat Center for Manufac-
wnng Sciences, Ann Arbor, MI
(313) 995-0300

W17

ogy. Call ose of the-following inets-

Masefacturing’
aology Center, University of
South Carolina, iz,
(803) 777-7053

sz Lakes Mlnu(lctnnnl
T logy Center, Clevel
Advanced Manufacmnng Pro-
gram, Cleveland (216) 987-3200
Midwest Manufacturing Tech-
nology Center, Industrial Tech-
nology Institute. Ann Arbor. MI
(313) 769-4000

m
-bgy!.wnleCow., Topeke,

Oth-S-nto

Delrware Valley Industrial
Resounrce Center, Philadelphia
(215) 464-8550

fllnoie [netitute of Technology
Research Institute, Chicago (312)
567-4384

Institute of Advanced Manufac-
turing Sciences. Cincinnati (513)
948-2000

Oregon Advanced Technology
Center, Wilsonville, OR (503)
657-6958 Ext. 4609

ment strategies rather than adhering
to vendor cerufication practices. In
vendor certification, firms demand a
vertain amount of complance 0 a
quality standard and base their con-
tracts accordingly. Supplier develop-
ment means large compames get to
know their suppliers’ process capa-
bilities and finances ~not just the
parts they ship—so they can help

strengthen them. “Firms like
Motorota. Xerox. IBM. and Digital
are developing refationships much
like those that most Japanese manu-
facturers have with their suppliers,”
he notes.

UsHe also pomts out that defin\ng 3

foreign-owned (irms in the US want
to participate in these programs.™ he
says. “A few key Japanese compamies
are making noises about getting
volved in major university pro-
grams i the US, and some already
have There will be many interesting

difficult for consonu and industry-
university cooperatives. ‘Many
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over the comng years,
wnth some programs getting involved
in international ownership.” @
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magpine working for 3 large
Midwestern job shop in 2002,
when concurrent engineenng
13 not a buzzword but the hfe-
blood of the orgamzanon A
Japanese design engineenng firm you
tvequently do business with has just
anded 2 hcrauve prosect from a Euro-
pean marketing consuiting group and o
shopoag electroncally for produc:
twon capacty  Since v - an deliver
that capacity at the nght price. vou
#tn the contract and the race s3 on to
bnng to market what promises to be
the next rage n the US
Enmneers from the design firm
4nd )nh <hop begirs working 1ogether
immediaiely but without leaving the
wurkstations intheir offices By sim-
ply h1aling the phone they cantalk 1o
cach ther and share the same com-
puier s¢reen n real ume  Durning
theair discussions. thev puint at o
w4l kuad points waith arrows and cirele
¢ sectie ol 2 -omplex 1-1) surface

that needs modification. Electromc
mail messages contaiming color
mmages and voice also expedite com-

of manufactunng will become a com-
modity with a lot of fairly standard

MIMCALONRs Over time zones.

The concurrent-engineenng effort
1$ 70t imited tG enqineess. llowever.
The marketing group offers 1ts input
after reviewang a 3-D. tangble pro-
totype 1t received by fax. Once the
product reaches the end of its life
cycle. the partners dissolve their
“virtual factory™ and move on to new
projects with other partners. Virtual
connections are electronic linkages
rather than face-to-face meetings or
paper drawwngs

This 1s how the [nternational Cen-
ter for Manufactunng Sciences (Ann
Arbor. M1) and Letigh Universty
1Bethlehem, PA) see manufactunng
n the next millenmum. “The process

|
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turing bility scattered all
over the world.” predicts Stephen
Ricketts, vice presidant of research.
ICMS  Traditonal factories with
engineering. manufacturing. and
marketing departmants will become
less unportant and might eventually
fade away Qutsourcing taken to the
extreme will allow specialty compa-
mes to flounsh and replace those
departments.

“Product will be built to order
more than shipped from inventory,”
Ricketts continues. “Products will
have a standard component. but
much will be built to the purchaser’s
unique tastes. The emphasis will be
on anticpating market trends because
the value of manufactured goods will
come more from designt and market-
ing —the hard-to-hold parts of manu-
factunng. If indeed manufacturing
evoives that way, the US may be n

69
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a good position to
exploit it, more so
than any other
country.”
John Mazzola—
president, Umi-
Division. Electronc Data Sys-
tems (St. Lows}—agrees, pownung out
that the President’s Council on Com-
petiiveness says the US sl leads
many critical tec¢' nologies and pro-
cesses to make t 1t happen.

Virtusl Factorier an the Rise

"In the future."” Mazzola predicts,
"human networks of many people will
collaborate tn a global enterpnse.
whuch 18 the company and its supph-
ers, customers. and partners.
Projects will be defined digitally. For
exampie, the design will be a digita!
modef, and the analysis will be on that
digital representation. The model will
also drive manufactunpg and the
logistic support network.”

He admits industry 18 a long way
from wirtual factories but notes 1t 1s
beginntng to lay the necessary foun-
dation. "Manufaceunng s already

132

becoming international.” he says.
“When building an airplane, for exam-
ple. you might make the wings in
Tawan and the landing gear i Can-
ada. The design work might be *a the
US and France. Physical separation is
less of a consideration because of the
economic incentives (o use a partic-
ular distant supplier. Boeng on uts
777. McDonnell Douglas on the MD-
12, and the automotive manufactur-
ers are doing more of this collabora-
tive work and embracing concepts
like concurrent engineenng.”

But worldwide electronuc collabo-
ration 18 on 3 small portion of product
and on a pilot basis. The barner to
widespread practice is suppliers can-
aot connect electromcally to the dig-
rtal modef. "After 3040 years. we
can't even get people networked on
alphasumenc data. let alone or a
digital model.”" Mazzola soints out.

The digital models shared in
tomotrow's virtual factones must
defirie an assembled product, not just
one part. They will represent and
manage all parts in an automobile or
airplane and be robust enough to

combine many parts from several
sources nto the product. More than
3-D graphics. these models will be
mathematically correct for heat.
siructural, and other analyses and for
manufactunng.

Imagine an airplane company
building an electromc modzl ot a
whole airplane and watching 1t per-
form n an electrouc wand tunnei
Such dynarmc simulations are more
complex than static simulations like
structural dynamics. As software
becomes more sophisticated and
hardware becomes faster, however.
the more practical it becomes to sim-
ulate for immediate ieedback without
having to budd prototypes and test
them. Simulations will compress time
to market and create more rehable
designs.

Rapid prototyping devices, which
make faxing physical models possi-
ble. are one way industry already
exploits digital models (on single
parts. not complex assemblies)
These machines divide the modelinto
fayers and use that data to buld a
polymer part layer by layer “Once

f

i Challenges Facing Manufacturing

MANUFACTURING ENGINEERING asked a select
group from SME's College of Fellows and recip of

processes and equipment.
The foll

SME's Young Manufacturing £, -er Award to spec-
ulate on the 1ssues facing manulactuning dunng the
next decade. Here are excerpts from the comments of
these ndustry leaders:

What will the manufacturing
enterprise look like In 20027

Seiuemon Inaba. PhD. president and CEO. Fanuc
Ltd. {Yamahashi. Japan}:

Today. we have FMSs (flexible manufactunng sys-
tems) that started as FA tfactory automation) and are
i the process of evolving into CIM (computer-
mtegrated manufactunng). ta 2002, [ believe the IMS
fintetligent manufactuning system) will be reahzed.
With its harmony of machines and human beings. IMS
enables the integration of manufactunng

Jack L. Ferrell.
(retired), TR,

We will see networks of alhiances among supphers.
producers, customers. and competitors. Entities will
form cooperative links to transfer nformation and
data, and use one another’s faclities. produstion
equipment. and propnetary knowledge to bnng prod-
ucts to market efficiently This may lead to “wvirtual
compames.” quickly fnrmed to implement a particular
marketing strategy Increased computenzed process
modehing will mitigate the need for pilot plants, lengthy
process tnals. and redesign and debugging of new

manufactunng vice president

g 18 more a wish than a prophecy:

gineers will be ab ly certain that
their processes can meet design specifications all the
ume. Product designers will comprehend the real
consequences 1scrap. rework. customer dissatistac-
tion) incurred when tolerances are wishes rather than
true requrements. Furthermore. both parties will
continually work toward a process that does not vary
from the mean dumension of a tolerance. Dr Taguchi
will be proven correct: Society as a whole benefits
from the reduction of vanation.

Manuf:

g

Edward S. Roth, president. Productivity Services
Inc. (Albuquerque, NM):

Only smaller. entrepreneunal companies that simul
taneously design products, production processes, and
quality systems ustng CAE will be 1n manufactunng in
2002. They wull consist of teams of career-path inter-
s. fixture d St
agents) who wrll
desugn product, process. ar.d quaiity systems to ANS{
Y14.5. {SO/TC 10. and ISO 2000 International stan-
dards. These teams will identify and remove all
sources of process vanation by concurrently designing
parts and fixtures as sets of functionally interrelated
products. Engineenng ch and muddle s
will cease to interfere with the fast-tracking of new
product Bozh will disappear 1n the successful.
E -onented uring enter-
pnse aof the year 2002.

14 {engr
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you create a digital model,™
abserves Mazzola. “voure
n the position to transmit 1t
any place in the world for
review and manufactunng.
Imagine what that » ! mean
for a company’s lexibility. if
a machtne goes down. you
fax the definition someplace
else and make «t there. You
compete not on location but
on cost.”

To make that wision a
reality. computers will need
more parallel processing.
high /O capacities. and large
MIPS tmillions of instruc-
uons per second) ratings.
more than what we canimag-
e trdry “These digtal
mocels will bring even
70-80-MIPS workstations
to their knees.” explains
Mazzola. "Remember. just
rotatng an exact mathemat-
wal defimtion takes tremen-
dous capacity. That—and
handling alt the part configurations —
IS an awesome dzta-management and
computing problem.™

Experts believe tomorrow's com-
puters will be up to the challenge.
though. In fact. many predict manu-
facturers will be abie to afford what-
ever computing power they need.
“Simulaung a factory on a super-

1 ford

computer. for

A glimpen of 3 contrel conter for temerrew’s virtual
factecies? it just might be ¥ mesniuctaring caposity
Secomes 2 commedily 50 some eoperts predieot.

systems Computer Corp. (Mountain
View, CAl “Compames wili optimuze
their manufactunng knes minute by
minute, reoptimizing schedules
every time machines go down. And
rather than evaluating alternauves in
the production schedule weekly, they
can tun 1t 20-30 umes i the last
couple of hours of the day to find the

ple. I1s
now.,” claim= Dan L. Shunk. PhD.
who 1s both chairman. Computer and
Automated Systems Association of
SME. and director. CIM Systems
Research Center. Anzona State Uni-
versity (Tempe). “To tun our detaled
factory simutation. w .all our cam-
pus Cray from workstatiors i our
offices. where we've modeled the
tactory. loaded the data. and
vectonzed the program. The Cray
does the number crunching.”

The pnce-performance ratings of
RISC workstauons have doubled
approximately every year and a half.
A manufactunng task requinng a 510
malion Cray supercomputer 10 years
ago would have had difficulty showing
a return on investment. Today. that
same task might run on a $100,000
RISC muitiprocessing box, and in two
or three years. it might run on a
315.00%) desktop.

“Because computer power will
become so cheap. opuimization will
not be something kept in the dack
room for industrial enyireers to do
noce a year,” predicts Robert
Chfford. CIM manager. Sun Micro-

best schedule. They might even ship
another 10.000 units and make the
company nore money."

Phones: The Backbone

The infrastructure for transmit-
ting informatiop dynamically from one
functional untt to another will be the
virtual factory’s spinal cord. “If
you're working 1 a dynamic world,
your communications must also be
dynamic.” says Michael Galane,
director, strategic consulting, Hewlett-
Packard Co. (Palo Alto. CA). “You
can't afford to have dedicated winng
to every place you might be doing
business. Propnetary networks use
coaxial cable. which has a high band-
width for carrying much information.
The trouble 1s. you can't use coax to
link the world because it's tov expen-
sive and $witching 1s inconventent.™

Galane believes manufacturers
wiil adopt the most popular and prev-
alent communications network 1n the
world: the telephone system. In fact.
many site-to-site transmissions
aiready travel by phone “Phone lines
are Just about everywhere and are
continuing to grow,”* he says. “Once
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YOu connect to the telephone
network rthat i1s. get a phone
number:. vou can reach anv-
where the phone svstem
goes. We wil not see u»
many dedicated or propri-
etary Communication lines i1n
the future because ot 1nv
wncredible flexibility that
phone lines will otfer ~
Most long-distance carr:-
ers have been invest:ing
heavily in fiber-optic lines s
they convert to digital tech-
nology. Like tradiuionas
coaxia! cable. the bandwiath
of fiber-optic lines 1» hien
enough to transmit larie
amounts ot digital multime-
dia information. such as
yurce, 2lphanumenc. image
and video data. As tiber
optics come on-hine. the
phone system’s rehatility
will continue to increase
To explain the impact »
plugging computers or con-
trollers 1nto a teiephone svstem.
Galane >ffers this analogy* Imagine 4
reasonably large house with vabic
television in several rooms. Mowing
the cable service to different rooms
requires stnngng dedicated wire and
means leaving or removing an unusea
lne. Contrast that with the conve-
mence of having a phone jack 17 eaca
room and plugging into one when vou
need 1t, In fact. many firms alreads
use phones to link their PCs to other
computers, whether 1n the same
bullding or across the countrs.
“Real-time control applications
obviously will need dedicated lines
because they cannot wait the seconas
required to dial up a line.” Galane
admits. "“But for a line with much tess
uttlization. a dynamic network like
the phone system. which allows dial-
ing other devices and transmituing
informauon as required. s an attrav:
tve, inexpensive way o network ~
For this reason he doubts whether
the Manufactunng Automation Pro-
tocol (MAPY will survive. “Sure.
MAP will be around awhite; so wll
baud bus and the Allen-Bradley data
tighway,” he says. “Butin 10 years.
1f MAP doesn’t grow to include much
faster information transfer (such as
for video), it wil become |ess impor-
tant. As we upproach the year 2002
why would a standard developed 1n
the early ‘80s be more pervasive than
a standard that 1s much more dynamic
with ever-increasing bandwidth*
Why would users stang dedicated
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lines when they
could just plug
devices into a
phone jack?”
“MAP has S%
of the factory net-
working market,”” adds Sun’'s
Clifford. “and forecasts say it will
have 5% throughout its life. It never
took off paruially because 1t 1s difficult
and expensive to implement. Expen-
sive technology might be okay for
General Motors, bul most of the
world can't afford it. In the real
world. most people use DECnet or
TCP/IP (the Unix standard) on
Ethernet. Many users run MMS
tmanufactunng messaging service).
the key part of MAP, on Ethernet to
cut costs.” He also sees proprietary
networks dying because they lock
users to one vendor's hardware,
which cannot work in an open sys-
tems world.

CASA's Shunk disagrees with the
propositon that MAP 1s failing.
“MAP sn't withering away,” he
msists. “Rather. people are mgrat-
ing back to simple layer one and layer
two Ethernet and TCP‘IP) 1n the
seven-layer OSI commumnications.
Elements of MAP —MMS, for exam-
ple—will become a national. maybe
even an internatonal. standard for
commumnications.”

He notes that the Japanese have
modified sone {avers within the MAP
architecture and are aggressively
pursuing it. “"They've gone wath a
simple layer one and laver two.” he
says. "but they believe 1n the ngor.
MAP 1s not dead; 1t's just another
option for supporting vour overall
business strategy

Computers Mimic the Brain

No matter what the virtual com-
munications network looks like, the
computers 1t connarts will bombard
people with mucl, .~ore information
than they can digest. Many experts
predict that neural networks could
s1ft out the important inforrnation and
help those people make recommens
dations.

“In the early years of artifical
wtelligence. people laughed at fuzzy
losic 2nd neural networks because of
their probabilistic natures.” notes
Shunk  “But there’s been a quiet
revoluton. We realize that the world
15 not black and white, 1t has shades
of grav Fuzzy logoc and neural net-
works are suddenly now of major
interest
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neural network. not a deterministic
expert system. Just as the eye and
brain work together. neural aet-
works can make decisions from sen-
sory perceptron.” That means a
neural-network-based computer
does not resemble today's digital

] s. Digual p s can
simulate them, but they work very
diffsrently.

Conventional logical {parametric)

what the appropriate response
should be. The networks make the
appropnate connecuons to deliver
the proper response.

Much of today’s work has been in
software and tends {0 be slow. Sev-
eral compames. many Japaness. are
developing hardware chips that con-
tain large neural networks. which wili
speed them up (remendousiv  For
example. 30 building blocks viela

requires S to
define firute responses for every kind
of nput, which requures a tremen-
dous amount of detaled testing. Log-
ical processes are very procedural
and sequential. Neural networks are
different in that they mimic the cog-
ative capabilities of the brain. “Rec-
ognuizing your mother, for example. 1s
a cognitive operation and different
from a logical process of executing
sequenual steps.” says HP's Galane.
“You look and recognize her within
fracuons of a second.”

Cogmiuve acuvities require much
paralle! processing to come to a con-
clusion rapidly. To do so, neural net-
works can have thousands and even
millions of building-block compo-
nents Like the brain’s neurons. how
these building blocks connect to each
other determines the system’s
response. Users “train” neurzl net-
works instead of programming them
m the traditional sense. They feed
the networks some sort of
sensory input and tell them

“The human mind 1s a probabil

fac. (4%
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d of a certain quality  Bug
30.000 offer much better cognitive
capability. The amount of rennement
required for a decision determines
the number of neurons. or buiidiny
blocks. needed.

“Digual computers are dova Xt
sequential processing ang will con-
tnue to get taster.” says (alane “In
the next 10 vears. advances In cog-
nuve chips will make neural nec-
works large enough to be usetul In the
factory.”

Such networks can help prople
make nonparametric quality deci-
s10ns. Visualinspection. for example.
15 difficult without a human inspector
looking at apart and deciding whether
1t s aesthetically pleasing and
blemishless. Annspector. however.
can show a neural network connected
to machine vision 3(x} good ana oaa
parts. After adjusting its internal con-
nections. 1t ¢an then recognize minur
variations and respond to a situation
it has never encountered. much like
the human mund does. The more casc~
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fed mto the neural
netwock. the better
it performs cogm-

if a neural net-
work checking
quality on 2 production line incor-
rectly assesses two parts out of
100,000, 2 human 1nspector can show
1t those parts and tell it the correct
response. It will then adjust 1ts con-
nections and “learn” from its mis-
takes. "As the computer gets older.
it actually improves.” notes Galane.
*Conventions! programming can't do
anything like that. If it isnt pro-
grammed to handle a condition, it’s
useless.”

WA Digital Computers Survive?
Despite that limitation. Galage

does not expect tradi-

uonal logical comput-
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ventionai difital computers. "There
are many things you can do with
easier-10-use expert systems. espe-
cully for diagnostics and quality con-
trol,” he says. Because expert :ys-
tems are an extenston of conventional
programnung, they rely on a knowl-
edge engneer to be good at inter-
viewing 2 human expert and render-
ing that knowledge into rules of
thumb. Because of that tedious task,
the proliferation of expert systems
has been disappointing, but Clifford
expects a breakthrough to automate
acquinng data, organiziag it and pro-
grammmg the expert system.
Galane argues, however. that neu-

ral networks are that breakthrough.

“The system 18 only as good as the
programmer is at extracting the
knowledge from the exper and put-

100% solution, which couid require
orders of magnitude more program-
ming. “Fuzzy logic is a misnomer
because the mathematcs behind 1t 1s
very precise.” notes Galane ~The
programmer defines how much “inex-
actness’ you can lve with in that
precise mathemauical modei. It
greatly sunplifies the malhem:ucs
for arriving at a deciston.”

Whether to change a tool. for
exampie, 13 based on cutting ume.
ambient temperature. and work
matenal. Except for breakage. there
is no speafic point when the tool
absolutely needs changing. Instead.
there s an acceptable window tor
changingit. "In applications with win-
dows, fuzzy logic works very well.”
otfers Galane. He stresses. though.
that these applications are "much dii-
ferent from control-

we View
buman miad 3s an
objective of computing
technology. martying
the logical and cogm-
tive parts wil be key
because that is how
the brain works. The
brain performs both
parametnc (logical)
and cognitive pro-
cesses —the classic
left brain and nght
brain model.”
Parametnic and cog-
nitive tasks will just be
marshalled to the
appropniate parts of
the system. In quahty
control. (or instance.
counting good and bad

Ing to dmppear '
the

ting alarms n 2
nuclear power plant

Clifford also sees
object-onented tech-
nology replacing the
more prevalent para-
metric software and
relational databases
Definitions for con-
ventional software
and databases have
little leeway. “'In
MRP systems. for
exampie. vou can use
oneor more levelsma
bill of materals.” he
explains, “but vou
have a bill of matenats
that links with other
parts of the systemn
I predetermined wav

parts would not be rel-
egated to the neural
network. This belongs
to conventional computing.

Sun’s Clifford, however. 1s not
convinced neural networks will catch
onby 2002, "Many companies bought
special LISP machines like the TI
Explorer for Al applications.” he
recalls. "You can run those applwca-
uions today on a workstation at neariy
the same speed witho»t buying new
hardware. Perhaps very high-
performance RISC processors will be
able to emulate th:s new {neural net-
work] technol t0o."

PP you wanted
to automate schedul-

1ng in such a way that

ting it into rules,” he ponts out.
“Programming a neural network is
dramaucally different. An expert
shows it what 13 good and bad, and
the network programs uself based on
the expert's assessment.’

Galane and Clifford agree. lhough.
that fuzzy loghc rep

you need 3 new class
of mformauion about
parts. To make a fundamentai
change. even something relativelyv
simple like adding another set of
codes to a part number, vou change
the software everywhere 1n two or
three milhon lines of code.”

In object-oriented technology.

po(enual for conventional progrzm-
mng, "Fuzzy logic seems to be head-
ing 1nto the mainstream for special-
purpose processing much quicker.

For dedicated use. though, he admuts
specialized processors may be
necessary.

He also points to a2 tremendous
untapped capacity for IMproving con-

T4

lly in vartous types of vision
syslems that momitor quality,” says
Chifford.

Fuzzy logic saves ume 1n applica-
tions that can accept close-to-
optimum solutions rather than a

dules "inkerit" the capabiliues of
other modules. so modifying the
module that defines part numbers
changes it in the rest of the system
automatically. A two or three man-
year modification might become a two
man-day effort.” reports Clifford.
~That fundamental capability allows
building and modifying systems
faster, and will change the way peo-
ple deal with computer systems.” @
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FUTURE VIEW

onsider the contrary com-

puter HAL n 2001, 4

Space Qdyssey. ot the self-

replicatung micromachines

that eat computer memory
in Star Trek: The Nest Generation.
Intelligent processing systems such
as these never seem to do what thewr
manufacturers wznt them to. The
cyborg 1n the sa-f ctassic The Ter-
minator 15 another exampie. Just when
you start to hate the ron man, 3 sequel
tums ham into a rce guy. Unfoctunately,
by thrs time. he's over tw hil, The
creators just introduced new r (and nas-
ner) technology.

Woven through these visions of
the future are bits of reality. For
wnstance, with the current pace of
technological change. 1t can take less
than six months for a state-of-the-art
computer to become old technology.
And software viruses can gobble up
monthly producton reports tn seconds.

Now for the good news. By 2002,
microrobols may crawl through intel-
hgent machiming systems. perform-
ing preventive maintenance in areas
previously maccessible. Smart cars
us1ng MEeChatronic systems may auto-
maucally adjust for dnwving condi-
uons. road surfaces. and passenger
preferences. Solar power couid become
the cost-effecuve, environmentally
safe way 10 fuel many advanced man-
ufactunng processes. such as laser
welding.

Tradiwonal methods of design and
manutacture will give way to concur-
rent engineenng (CE) strateges that
target 1mproved

“This broad class of technology.
which [ call free-form manufactunng.
allows a wide range of arbitrary
shapes to be quickly formed using
part nformation generated 1n CAD
systems.”

1zchak Pomerantz. president.
Cubuted Ltd. (Raanana. Israel). sees
the iechnology used for rapid small-
scale production within five years.
When speaking of rapid prod
he notes you must distinguish
between direct and indirect. The
first method produces parts by
toolless rapid prototyping technol-
ogy. The second entas part pro-
duction using conventional casting
or molding. but relies on patterns
or tools made by toolless rapid
prototyping. Sand-casting foundnes
may take advantage of ndirect rapid
producuon this year. Commercializa-
tion of direct rapid producuon is not
far off. with the first applications
showing up In packaging.

Currently, manufacturers wishing
to implement wide-scale rapid pro-
ducticn face several hurdles, First.
rapid prototyping equipment vendors
must improve part life expectancy
since photopolymer aging and photo-
degradation are more severe reac-
tions 1n production than in proto-
typing. {ncreasing equipment uptime
also s cnucal. [n all, Pomeramtz
expects another one or two years of
expenence. and a couple of genera-
tions of system reengineenng must
take place to boost uptime of rapid
prototyping technology to that

ations

unng

d ded by production,

between design and

s, awrcraft urers.

In addit while current proto-
typing are universal, man-

and even job shops will design for
A 3

ablity These ['s
will strongly influence development
and deployment of advanced manu-
factunng technology well into the
next millenmum.

As more manufacturers promote
concurrent engneenng, Charles Hull.
president, 3D Systems lnc
Valencia, CA) predicts rapid proto-
typing technology will play 2 key role
1n helping them see a product belore
committing hard toohng. He adds that
it matches well with the need for US
manufacturers to shorten design
cycles and improve design quality
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ufacturers will want to tailor produc-
tion systems to specific applications.
Even when we solve these probiems.
Pomerantz rcresses that compames
will never make parts by rapid pro-
duction techmiques 1f parts aren’t
designed for manufacture by the pro-
cesses. This entails training design
engineers about rapid manufactunng
technology He esumates it will take
two to three years for universities to
create this next generation of rapgid

]
The Editors

designers. but thus 1s onlv possitie 1t
the insttutions have access 1o the
rapid production technology

By Design Intent

For companies planming a move to
concurrent engineering. recent
advances wn CAD'CAM. such as
feature-based programming. show
promuse. Brent Burns. semor man-
ager of manufactunng apphcations
Intergraph Corp. tHuntsville. AL..
explains that today's typical CAD
dzta file contains graph:ic enuties
descnbing geometnc attnbutes of a
part or an assembly. CAD/CAN sys-
tems of the future wll also include a
farge amount of nongeometnc part
nformation, such as part tolerances
and required surface fimshes. provid:
ing complete product models that will
feed downstream manufactunng pro-
cesses. Designers also will be able to
see the smpact on manufactunng cost
when they add specific features to a

George Hess. vice president. sys-
tems and planning, Ingersoll Milhng
Machine Co. (Rockford. [L). sees

NARY 1992




137

S
TOMORROW’S MANUFACTURING TECHNOLOGIES

feature-based programming as a cnt-
ical enabling technology in the
computer-integrated manufactunng
1CIM) environment of the ‘90s. In
1987, reports Hess, the firm's man-
agement began the transition from
computer-integrated to optimized
manufactunng. This iIniiative entails
extending CIM to the supplers and
improving productivity of support
functions such as accounting It also
targets use of a feature-based sohds
modeling system from Cimplex Corp.
fCampbell, CAs that will allow defin-
Ing both construction and machined
features. such as holes and surfaces.
When operational. the technology
will be the core of an advanced rout-
Nk, generative process planning, and
NC programming system

By 2002. operator interfaces to
CAD/CAM systems will extend
beyond graphics-based user inter-
faces to virtual-realty systems. In
the report Forecast of Manufacturing
Technologes for the 905, A.). Vitale.
ac with the A &
Productivity Institute (Stow, MAJ,
predicts interfaces will no longey be,

bound by fingertip inputs or screen
dimensions. Instead. the computer
will work with the mind and senses of
the user to create a virtual realty.
People will buy mindware, not just
hardware and software.

The wirtval-interface system will
take In sensory input. such as head,
hand. or eye motion. and feed back
sensory output, such as sight and
sound. Using a bodyswit interface.
complete with eye, ear, nose. and mouth
nput/output devices, the operators will
have total sensory contact with the
computer, including capabdility to
change the virtual environment by
interacting with the system

One benefit of virtual interfaces,
notes Burns, 18 that designers and
manufacturing enginecers on CE
teams will be able to hold a part
etectromically. "This edge 1s too
sharp.” "1 didn’t think the part would
be this light,” and "Look. I can saap
this handle off” are phrases that wilt
be heard before anyone produces a
physical prototype.

Vitale reports virtual-interface
technology already used wn apphica-
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“Where there Is no

vision, the people

perish . . .”
Proverbs, 29:18

ttons such as !re cONtro svslems o
some mmtary nehiopters ln (hese
situations. the pilot’s hetme? and 2oy
gles connect to the virtual intertace
system. which aims the guns wher-
ever that person iooks. A companv 1n
Englangd 1s even selling video arcage
games with virtual interfaces
Virtual-reality systems in manu-

. factuning will feed otf NC simulation

systems that include full machine and
tooling data. predicts Burns 15 a
resuit, manufactuning engineers wili
be able to move an electronic version
of a partially completed product trom
one virtual machine to another

Simulation tools. kev to anv con-
current engineenng program. also
will help reduce the nisks associated
with introducing new technology to
the shop floor. Mark Contesti. engi-
neenng manager for CSI «Truy. M.
which prrvides marufactunng con-
sulting and simulation services.
reports the tool 1s already used to
prove new processing lines. The next
step 15 to add simultaneous ergo-
nomic analysis.

Current simulations analyze oper-
ator sequences using industnal engi-
neering est:mates. According to
Contesti, true ergonomic analysis
will evaluzte i1ssues such as part
weight. how far the operator must
reach to load a specific tool. and tool
weight, Once processing lines are
operational, line operatory or mane-
factunng engineers will be zSle touse
the developed simulation models in
shop-floor systems to evaluate how
processing changes will impact
throughput.

“Sumulation will also validate using
robots in manufactuning cells.” savs
Contestr. “Feedback from the sumutation
model wall provde the basis for the robot
controt programsmung.”

Ingersoll Milling extends the ben-
efits of simulation bevond its factory.
The firm 15 using the technology to
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help the customer

use advanced

manufacturing

technology. miess

reports the firm

offers graphics
training simulators that will help train
operators. programmers. and main-
tenance personnel in use of its
advanced manufactunng technology.
The systems substitute color graph-
ics terminals for the machines. yet
they still depict allmachine motions in
real time In response to the NC part
rrogram or manual data input com-
mands. So far. resuits indicate sim-
ulation can reduce traimng time by
half

Hess also sees the firm explonng
enablhing technologies such as expert
systems to automatically develop NC
programs ard solve manufactunng
processing problems. Other aruficial
intelligence (A will be impl d
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Adding intelligence

Vitale at the Autcmation & Pro-
ductivity Institute sees Al techniques
used In manufactuning emulaung
human performance in areas such as
d king. natural |
processing. vision. and robotics. Al-
based approaches that will aid con-
current engineenng efforts in the
future factory will include knowl-
edge-based systems, fuzzy logic. and
neural networks. Each will have its
strengths in problem reasoning.
Solving some problems may require
hybnd systems.

Knowledge-based systems. often
called expert systems. capture expert
human imowledge as symbols or nules to
provide users with insight on how to
react to situations, According to Vitale.
these systems work best on well-
understood. nondynamic problems
that require precise calcufations.

In one I¢ ers

as the technologies mature.

troubied by fabrication cracking in

where mennfeciuring
wummmummmmd
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of the futwre.

heavy constructions can get help
from 2 diagrostic svstem cailea
Weldcrack Expert. This microcom-
puter software package trom TWI
«Cambndge. Engfand) uses stored
knowledge from Ileading welding
engineers and metallurgists to quide
the user through a senes of Questions
about a crack’s appearance and loca-
uon. From the answers. the system
diagnoses the probable cause.

TWI reports the expert welding
program works well in applications
examinmng hydrogen. solidification.
reheat, and liquaton cracks. 1n addi-
uon to iamellar tears. It can dispiav
photographs and schematics ot weld
microsections and provide operators
with more than 30 digitally scanned.
metallurgical photographs of classic
fabrication cracks. Questions.
responses, and results from each
session can be stored on disk or
pnnted. This allows building a hibrarv
of case studies for future reference
when tackling similar problems.

Nevertheless, life 1sn't always so
simple that manufacturers can solve
all problems using fixed rules Some-
umes, fuzzy logiC IS necessary. savs
Vitale. Ths Al technique relies on
fuzzy sets. rather than stnct, precise
modeling methods, to deal with
uncertanty. The system differs from
knowledge-based systems in that «
may prionuize some rules and disre-
gard others dunng optimization
Since output tends 1o be smooth anc
continuous. this Af technique
becomes a good approach for contro
of continuously vanable systems

Omron Electronics 1Schaumburg.
L), US subsidiary of Omron Corp
Uapani, 1s already marketing tuzzs
logic modules for programmable logic
controllers. Expecting the concept to
sigrficantly affect industmal controls
through the decade, the firm made
the concept a high R&D priority A
a result. it projects that at least 20%
of 1ts products will use fuzzv lagic
within three vears

Dunng the next 10 vears. Vitale
sees fuzzy logic embedded 1 mans
software products without fanfare
Neural networks. however. sull
wOn't see widespread use. These are
based on biological or mathematical
models that loosely imitate the was
the brain functions The dvnamc
self-adapung systems can modity
cesponses 10 external forces by relv-
INg on prior experience In ather
words. neural nets leam trom the
past, savs Vitale. Each network has
several interconnected processing
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elements function-

ing in parallel

Since information

storage I1s distnb-

uted throughout.

the network has
no memory Rather. 1t stores infor-
mation as patterns and weights of
connections between processing ele-
ments. evoking this information
when pecessary

Most neural networks are soft-
ware implementations on current
computer hardware Neurocom-
puters. of which there are {ew.
neural nets implemented :n hard-
ware This computing method dem-
onstrates significant ¢apabilities n
solving probiems that are highly van-
able. data intensive. dynamic. and
complex {n addition. its neural net-
workas tolerant of ambiguous. incom-
piete, and confhcung data. Based on
these teatures. neurocomputing mav
become an aiternative computational
approach for complex applications
mvolvng robotics. vision. industnal
controf, and modeiing.

Vitale lorecasts that neuro-
computers hased on multiprocessor
designs will be available as off-
the-shelf items by "95. Aggressive
manufacturing users il have prac-
t:cal systems on line bv decade’s end.

Mechatronics and
Smart Materials

Brock Hinzmann. program man-
ager at Stanford Research [nstitute
[nternational's Business Inteligence
Center «Menlo Park, CA). predicts

mechatronic svstems will also radi-

cailv alter product design and devel-
opment. These integrate sensors.
actuators. and control tunclions 1
one intethigent system to :mprove
precision, performance. cfficiency,
and ease of use. Technology advances
underpinning svstem development
include the following:

& S¢nsors. Size and weight of tra-
ditional sensors preclude their use
tor manv apphcations. Look for
micr s. includ duc-
tor. fiber-optic. and biosensors to
open up new application areas.

® [ntegrated circunts. Pnce:per-
tormance continues to IMprove to the
point where 32-bit microprocessors
cosung less than $5 are nkely to be
standard technology by 95. Working
@ concert with the systems. reduceqa-
instruction-set architectures will

respond 6 .mportani trends lke
dematertalization doing tasks witn
less matenal.

“Smart materials help bndge the
gap between the ability 10 maniouiaie
intormation and capability to use that
‘ntormation to difect mMecnanical
action.” savs Hinzmann. "Desitners
wul be able to use the matenals tu
simphfy products. ada tedtures~.
reduce matenal yse. of reduce ine
expense and complexity ot providing
product vanations tor market niches

The concept of smart structures
+assembhies bullt with smart maten-
als1 grew out of the specal requife:
ments ot the space program Fuz
:nstance. there 1s No natural camping
In space. according to Protessor
Sathyanarava Hanagud at Geordu
Inststute of Technology tAtlantas. T

improve real-time pr of large
volumes of information.

® Smart power. ICs that combine
power-control switches and logic
crcuits on the same chip will allow
designers to reduce system size gnd
weight. in addition to :mproving its
rehabihty

Complementing and enhancing
these technologies are smart mate-
nals that change shape. color. form.
phase, electric fields. magnetic
fields. optical properties. and other
physical charactenstics 1n a pre-
selected response to sumuh in the
environment. Hinzmann sees these
matenals leading to new mechamical
woncepts —actuators and motors that
operate without traditional mechami-
cai components. such as gears and
pulleys This will help manutacturers

the resim of virinal reality

by 2082 Simuiate the port or precess, thea tsuch the simwisted medel to
repesitisn a rebet gripper or check the surface texture of the part

T proper shape. a struciure
such as a boom must have sensars
that detect deformations In real Jime
and actuators that Jutonomous::
counteraci those detarmations

Bullding on this concept. Hanagkue
recently completed an enQineenng
study {or the Armv Research Ottice
where he bonded piezoelectric sea-
sors and actuators to slender beain
models of helicopter rotor blades in g
successtul attempt to damp vibra-
tions. He olans further researcn on
use of special electrostatic films and
shape memory alloys 10 produce the
same etfect.

The current generation ol smars
mater:als and structures remains
devold of any adaptive tearming
capacity. reports Professor Mukesh
V' Gandhi at Michigan State Umiver:
sity iEast Lansings. He believes man-
ufactunng engineers should charac-
terize the smart materials tor
structural applications by their abilny
o respond in real time to changes :n
exiermal stumuli, to intertace wuth
modern microprocessors and sold-
state electromcs, and to exploit mod-
ern control systems.

Gandhi adds that manutacturers
wilt achieve these characteristics
through coherent integration ot the
following: a structural matenal. a
network of sensors. a network ot
actuators, microprocessor-based
computation capabilities. and real:
ume control capabilues. The net-
work of actuators will provide the
muscle to make things happen, the
network of sensors will be the ner-
vous system: structural materials
will make up the skeleton. and the
microprocessor-based computational
capabiities will add the brains that
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ensure good svs-

tem performance.

Take advanced

composites. for

example. Gandht

and other MSU

researchers are studying smart sys-
tems based on these matenals that
use electrorheological fhuds embed-
ded in macroscopic voids 1n the lam-
inates. The fluds include micron-
sized hydrophilic particles sus-
pended in suitable hydrophobic car-
nier liquuds, When sub d to elec-
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tensucs. the sensing network would
begqin a qualitauve and quanltauve
damage assessment. It could then
Intiate a corrective action. such as
redistributing loads around highly
stressed regions of the rotor struc-
ture to cvontrol damage, or even
instruct the helicopter to abort uts
nussion.

Micromachines .
Also cnucal for future mecha-

tronic systems is micromachining
hnology. Tech s exist for

tnc fields, they undergo nstanta-
neous reversible changes in matenal
charactenistics. As a result, the com-
posite structures can dynamically
tune their vibrational charactenistics
in real ume by imposing specific elec-
tncal fields on the fuid domains. The
voltages required to promote phase
change are typically in the order of
one to four kV per mm of fluid thuck-
ness. but because current densities
are 1n the order of 10 pA per square
centimeter, the total power required
to tngger the reaction ;s very low.
Fluds typicaily take less than a mil-
lisecond 10 respond 1o the electncal
sumuls.

Future smart matenals will be
capable of self-diagnosis, repair. and
learning, notes Gandtu. They also
could have capability to anricipate
problems. An attack helicopter would
then be capable of in-flight structural
survelllance i its rotor is a smart
composite structure. On detection
and measurement of changes n the
rotor's vibrational response charac-

producing funcuonal devices or
mechanical parts smaller in diameter
than a human hair. This size allows
placing sensors directly on ICs and
using gears. motors, and a vanety of
actuators n micromachines or
microrobots, A recent Microma-
chintes technology impact report from
Frost & Sullivan (New York) defines
micr hinery as that of
gears. shafts. and other s

the size of 3 mosquito. Elements the
s1z¢ ol bactena are in the microwortd.
measured :n microns

The laws of phvsics swve micra:
machines some advantades over thewr
full-scale cousins. accorang to Hone
Li. PhD. research enaineer. Pana-
sonic Technologies Inc +Cambricee.
MA). Microrobots. tor example. sl
have capability to move only a4 tew
micrometers at a tme Theretore.
they will be significantly more accu-
rate than their tull-scale cuusies.

Virtual-reality
systems will feed off
NC simulations that
include full machine

and tooling data

Mier hines also 4ain advan

that function in the same general way
as full-scale machinery. One example
1s the electnc motor developed at the
Berkeley Sensor and Actuator Cen-
ter at the Umiversity of Califorma
(Berkeley) The rotor of the device
measures 60 pm, whereas a human
hair measures 70-100 pm.

Louts Pasteur once said “...the
part played by the mfinitely small
seems to be infinitely great.” This
becomes more apparent as manufac-
turers explore use ot mcromachines
that work in the world of wdividual
atoms. One atom 15 0.0 the size of
a bactenum. A bactenum 15 Viwww

wwam-mmhuwdm&;

mangfactarieg coll.

tages when you consider Newton's
second law—torce 15 the proguct -n
mass and acceleration. 3iNCe Mass 1>
very small, acceleration will be enor
mous for a @iven torce. For example.
a microscopic sthvon air turbtine
recently develcped rotates at 24.utkt
rpm using simple silicon beannas

The technologies useo to maciune
microrobot compoaents will rarv
reports Li. with each having specine
advantages over the others For
example, uniike etching techniques
that can machine only sicon mate-
rnial, micro etectrical discharge
mactining tEDMing: can process anv
conductive matenal, inciuding met-
als. ceramics. and sthcon

Micro EDMing also produces 1
surface finish around U lpm Ro,..
value Li savs 1s much higher than
attainable with a laser machine The
process offers better part accurac
than laser-beam. electron-beam. and
laser-chemical machwiing In add-
ton. r d of 0.1 wmus possibl
and straightaess of EDMed micre
shafts approaches 9 5 um

According to Frost & Sullwan.
ndustnal apphcations being explored
for microcomponents are exact align-
ment of lasers, light detectors. fibers
used n fiber-opuc communication.
accelerometers i robotic control. and
force-balanced transducers These
components will also form the dasis of
micromachines and microrobots

To study mucrorabot feasibility.
the Artificea! Intelligence Lab at the
Massachusetts Insttote of Technol-
ogy {Cambndge} developed a robot

SANUARY 1992 — MANUFZ.CTURTI ENGINEERING




one cubic tnch In
volume that hZes
In the dark hsten-
ing for sounds.
When all 1s quiet.
1t ventures out (n
the direction of the last sound heard.

141

the process repeats Although large
by micromachine standards. the
ropot reportedly uses techmgues
that may extend to the microrange.

Another MIT robot, called
Gengtus. weighs nat 215 (0.9 kgJ and
looks like an artificial 2nt. it also was

intethigence capabilities ot
microrobots The six forwarg:
looking. cone-shaped. passive ntra-
red sensors are one part ol the
robot’s sensor package Of 1our on-
board microprocessors, 1wo interact
with the motors. one moniors the

{t then finds 2 new huding place, and

PV o e ol
" CMe
artymoe~s g srr 1y

”bp&e:mﬁu&ﬁ-m
Thowes dissspmpsonal

"—hﬂhu e

designed to test the sensing and

sensors. and one runs the

Espart-sysion-baved
Mhﬂuﬁnﬂmm thtnnm
tooks from: past expeis

Smert, real-tims controllers—the abﬂyna&-t
the machine ss it op

wear, or aignment topmdnceazoodpatmm
(simple neural-net operations are expected to be imuse:
in Lbe next 10 yem)

pr

wuenet. and EDM (echoolopel are past the garage-
sbop stage and becoming fully industrialized. They may
make plastics and composites the materialy of choice
1 scme applications because of the esse of
manufscturability they provide. For example, because
waterjets and lasers don't get dull, they can produce
finish cuts in complex and difficult materials.

Dr. V.C. Venkatesh. Center for Manufacturing
Research and Technobogy Ut Tennessee Tech-
mcal University (Cookcvﬂk).

Material-"incress’ manufacturing by rapid
prototypsing. The word “incress™ (from “increscent.”
meamng becoming gradually greater), encompasses
the use of powders. liquds. and solids as source
materials. Powders are used in selective laser
sintening and 3-D pninting. Liquids are key components
for shape melting. fused deposition. ballisuc-particle
manufacturing. and hquid polymenzaton. Solids are
used in melting to remove excess matenal. gluing of
sheets, and polymenzation.

Plastics and new processing teckmiques. Gas injec-
tion molding for wmproved fimish and fusibie-core injec-
tion ding for weight red, will gainr

ther inteiligeace: to mabe on-fime docisions.

Laloux K. Gillespie. semior project engineer.
Allied-Signal Aerospace Co. (Kznsu City, MO):

Nanoteckmeiogy in discrete parts—the ability to build
parts from atoms mechancally placed together to ke
raterials denser, more crystalline. stronger, and more
electrically conductive. Few 3
are even aware of this technology.

Deshtop ype parts fi
overnight. This will save nn]bons as the range of
materials expands significantly. The processes wll
probably never get much faster than today. but tol-
erances will improve.

Process ch i d ding minute
process details and resultant capability, We're sull
trying to catch the Japanese on this ~in-depth process
knowledge is bemng lost in US industry that we must
recapture. Even specially shops do not have the
expertise 10 answer customer questions about their
own equipment or processes.

turing mg process
dnnclemucs not part characterrstics. This 1s the aludity
to detect when one process vanable changes before a smgle
bad part 18 produced. wnstead of relymg on statstcal




subsumption architecture that gives
the robot its intelligence. Three bat-
tenes fit between the legs, making
the robot self-contained and giving 1t
more flextbility to roam.

Pexdibie o
Should full-scaie iron men also
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walk through manufactunng cells?
Researchers at Auburn Umiversity
(Auburn, AL). including graduate
research assistamt T.Y. Wang and
Assistant Professor G.J. Wiens,
think so. J.T. Black. PhD. PE. direc-
tor of Auburn's Advanced Manufac-
tuning Technology Center. reports

that cell size 1s constrained by the
working envelope of conventional
stationary robots. Robot process
capabiity (RPC) also 1s key This s
basically a function oi robot-arm
axtension length—the further the
robot reaches. the worse its accuracy
and repeatability. Making the robot

hwbbco-tdzmb-'ﬂxm
e d
iy vishi n Grindiomin

exciting againt
Our uxdnstry lacks education, b N

Jooeph V. Engelderger, chawman. Transitions

Resesrehs Corp. (Dacheacy, CT):
My field in robetics, and [ wos thege at the begn-
mng. Fm’ e, the biggest maonfacturing technology
is the failure of robotics to permeate

duction. Even the irres ible forecasts of media

mmmcahippmmm:ndmaﬁngﬂ 25

leave us fumbiing and grasping at what little we kmow
about past or exsting techmologres. In the panic o
produce. there is little time to contemplate aew tech-
aologies. The tried und true seems to be the safe path
for most industnies. Within 10 years. there will be no
path for those mndustnes. They will have disappeared
m the cracks.

Qmmmmu«u

il
factory of the fwture?

Joseph J. Baran, director of operations.
Waterviiet Arsenal (Watervliet, NY):

With the repeatability and reliabiy of CNC
machine tools improving (but still with a long way to
g0). vanability results pnmanly from matenals and
tooling. The biggest disappointment has been the lack
of integration of sensors, adaptive controls ChID con-
trol, and tool g’ with
machine tools. These (echnolomes are cnucal to
reducing vanability and moving to hmited or untended
workstation environments

heving the

Sanjay Joshi®. PhD, assistar

vrofessor. Depart-
ment of Industnal & M.

systems E -

and fi l peadita should have come
tc pses by now.

Whas happened? In the heat of the clase. the giant
latecomers bought i and trested robotics like a com-
modity. After losing prodigioes amounts fighting for
market share, GE, W hy United Technology,
[BM, and such quit, leaving the little guys in disarray.
.hpan. with incremental advances. took—and now
dominates—the industrial robot market. Meanwhile,
no one was fundmsentally advancing the state of the
art. When I was asked to update my 1980 book.
Robotics sm Practice, | downheartedly demurred on the
grounds nothing much had changed in a decade.

If we had made our robots autonomously mobile,
seosate, articulate, and imbued with artificial sntelli-
gence. the stand-alone robot worker could have
become reality.

But. not to worry. To perform in service activities.
robots must be more humanlike. That 1s where the
actionis today, and the smarts are nght here 1n the US.
Ten years from now. we in service robotics will
magnanimously share robotic inteligence with manu-
factuning folks who have relegated robots to being just
another automation subset.

“Recent recpuent of SME's Young Menwfocturing Enpineer of the
Year awerd
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mobile allows

bringing tasks into

a2 better RPC

region of the

workspace by

moving the robot

closer to each machise. Designers

have more {lexibility to reprogram
robot paths and reconfigure cells.

1t1s relatively easy to find a mech-

arusm. such as wheels. tracks, rails.

legs. and air padlets, to make robots

mobile. in the manufacturing envi-

ronment, however, Black stresses

the mobile mechanism must be etfec-

tive, flexible, and low-cost. Further-
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more. the chosen can’t

to aid In |

mterfere with exisung manutacturing
acuvities. For this reason, the
Auburn team 1s using aw pallet tech-
nology to help a robot move.

The Auburn mobile robot uses an
air pallet that also has vacuum seals
and s connected L0 a vacuum pump.
These provide the cbucking force
between the robot base and floor
when the unit s stationary. When the
robot must move 10 2 new location. it
grabs 2 post, turns the air pallet on
and the vacuum off, and pulls itself to
that location. The project. stll tn uts
wnfancy, is exploring use of wision

Emerging Technologies: A US Report Cand

sosk as Welderuek from e Unglish firm TWA, will inereasingly
tond 2 band in fostoriee by the yeor 7008,

Robotics also plays a critical role in
a high-power. nonvacuum electron-
beam welding process just developed
by a United Kingdom-based venture.
The partners 1in Cambndge Power
Beams (CPB). Bristol. England.
were onginally brought together by
the EC Eureka EU83 project to
develop a 25-kW laser. They joined
forces to develop the high-power
noavacuum electron-beam welding
process under Eureka project EU86

Current arc and laser methods are
mcapeble of penetzating mach beyond 20
mm nto steel. They also wasie a lot
of heat that can distort the surround-
ing metai. CPB reports conventional
systems use a beam of electrons that
penetrates up to 300 mm in steel but
requre use of a2 vacuum chamber.
This not only limits the size and con-
figuration of componeats. it
increases process costs. The firm's
nonvacuum machine wil weld up to
100-mm-thick steel at 500 mmvmun in
one pass with no distortion. It afso
weids ailoys and
metals. To prevent oxidauon. the
system shields the workpiece with
helium, which produces less beam
scatter than other ineft gases. An
electron-beam welding bay, a simple
concrete structure. will shield hard
X-rays.

To take full advantage of the lack
of distortion caused by electron-
beam welding, the robot head carvy-
ing the beam will mount on rails to
@ve sability. Leadscrew dnves used
in maneuvering will allow weld accu-
racy of 0.1 mm.

Future apphcauons for the high-
power. nonvacuum electron-beam
machine could include cutung. heat
treatment. and chemcal processing,
according 0 partners in the project.
These include the Bntish firms AEA
Technology. Internauional Trans-
formers, and TWI. n addition to
Deamark’s Force Institutes. Interna-
tiona Electronics and Manuel Torres
Disenos Industrutes of Spamn. and
Messer Gnesheim of Germany.

with the Sen

In the near future, concentrated
solar radiauon may power many of
the high-powered radiat.ve pro-
cesses and impact their design.
Researchers at the National Renew-
able Energy Laboratory {Goiden.
CO: telephone: (303) 231-1449)
recently demonstrated the feasibil-
ity of prosesses euch as solar-
induced surface transformation
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of matenals. solar-

powered manufac-

turing, and solar-

pumped lasers.

Sunlight also can

provide an alter-
native method of detoxifying hazard-
ous waste.

The advanced solar manufactunng
researchis managed through NREL's
Mechamcal and Industnal Technol-
ogy Division, which 1s dedicated to
brnging Amencan industry pracucal
renewable alternauves that reduce or
repiace fossil-fuel-based energy
sources. John Anderson. program
manager for the solar industnal pro-
gram, reports researchers are
explonng new techniques for manu-
facturing advanced matenals that use
NREL's solar furnace. The furnace,
which began operaung in 1990,
allows researchers to study the prop-
erties and applications of very high
solar flux. The facility currently can
produce solar flux densities of up to
30 000 suns (5000 Wicm®).

The solar furnace cunsists of a
heliostat that tracks the sun and
reflects incorming solar energy onto
the stationary pnmary concentrator.
which consists of 23 individual,
curved facets. These coilectively
focus the solar flux at a point In the
test facility that1s just off the pnmary
axis. The long focal length ut the
anmarv concentrator produces a 10-
wm-diam concentrated beam of
approximately 2500 suns at the cen-
ter ot the target area. \Vhen a second-
ary cuncentrator is placed at the beam’s
tocus, the solar flux can be ncreased
10-20 wmes.

These performance charactens-
ucs put the solar furnace at the cut-
ung edge of solar industnal process
research, says Allan Lewandowski,
project manager. advanced maten-
als. One advantage the furnace has
over conventional power generation
methods 1s the capability to produce
verv high temperature directly from
the sun. For example, researchers
melted through a 2° (51-mm) alumina
fire bnck — which has a melting point
of 1800°C—~in less than 1 min.
Another benefitis the extremely ugh
rate uf heating made possible by high
solar flux Very thin layers of the
luminated surfaces can then be
dnven to remarkably high tempera-
ures in {ractions of 2 second The
third charactenstic ts the furnace s
ability to deliver the entrre sular
spectrum ifrom 300 to 2500 nm)
This alluws researchers to study
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applications requinng either broad
spectrum radiation or a particular re-
quency. ranging from the infrared to
the near ultreviolet.

The key t« solar-induced surface
transformatiod of matenals I1s the
rapid. controlled heating that alters
the surface of a workpiece without
affecung ws base properues. NREL
researchers are refimng ways to use
solar energy to produce surface mod-
tfications ¢ntical to a number of mate-
nals technologies including harden-
:ng, cladding. chemical vapor
deposition (CVD) for applications
such as cutting tools, and the manu-
facture of electronic components and
arcultry. Prehiminary economic anal-
yses indicate concentrated solar flux,
when used In large-scale production
applications, could produce these
matenals at one-half o one-quarter
the cost of producton assocated with
the conventonal radiant methods.

Solar transformation hardening of
steel. for example, 1S reportedly
competitive with laser-based tech-
mques. Using solar radiauon to clad
applied powders to steel substrates
also is generating consider-
able :ndustnal interest.
According to Lewan-
dowski, this s
because of the
excellent metal-
lurgical bonds
produced be-
tween the melted
powder and sub-
strate. Manufac-
turers ¢an obtain
desirable proper-
ties of an expen-
sive material
such as a super-
alloy by cladding
relatively small
amounts to a fess-
expensive sub-
strate base such as
mild steel.

Sotar furnace
technology 1s well-
suited to CVD because
the surface heating can
be closely controlled,
eliminaung the forma-
tion of solid product on
surfaces other than the

Wicre DM techasiogy
deveioped by Posasenic
Technelegies ressarchers
can make motal guars w0

wmall they 't oa this

motch hoad

matenal of interest. NREL 15 inves-
tigaung the CVD process tor produc-
ton of coatings such as mtanum
ainae and silicon carbide. in addition
to thin hard-carbon films.
Solar-pumped l2sers have been
studied for more than two decades.
but low beam concentrations himited
the conversion efficiencies to appron-
imately 1+.. With the upper bounds ot
attamable concentration now near
50,000 suns, conversion efficiencies
approach 5%. According to Ander-
son, thera 1s potentiai to provide boti
high power and high efficiency tor
several types of lasers To prove
this. NREL wll deme- strate a smail-
scale. 5% -etficient system midy ear at
the University of Chicago
Systems such as this will alsa
have advantages in space and lunar-
surface nanufactunng because the
concentrated sular radiation tech-
nology would produce greater eifi-
ciencies than attainable on earth
Available solar raciation increases by
70% outside the earth’s atmospherc
and the uitraviolet poruion ot ihe
spectrum expands down to
20G nm, providing more energy
for photolvtic interactions
Also. the direct use a1
sotar radiation would
. empioy a much smaller
solar-collecung svs-
tem because ot the
high etfictenvies
mherent 0 the
technology
In addition 1u
surface :nodificatior.
applications. Lewan-
dowskt reports
manufacturers in
space would be able
to use applications
such as maternals
joining, welding.
fabricating, repair-
ng. and surface clean-
mng. He stresses the
long-term success ot
NREL's R&D projects 1s
ued to us close working
relauionships wath industry
and other outside research
urganizations The
National Renewable
Energy Laboratory works
with industrial partners
through a variety of
arrangements, inctuding
cost-shared demunstra-
tions. Joint research
projects, and cooperative

R&D agr: s m
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BIOGRAPHICAL SKETCHE

Jexes E. De Zutter, COL USAF(RIT), ie the Manager, Xanufacturing
Strategic Programe-Government for Digital Equipment Corjoration. He
represents the company in ite etratagic collaboration astivities with
the government which dsal with manufacturing technology and
improveasnts to the industriel base. Prior tc this, Jim was Digital’e
Meneger of Marketing Operetions for Department ¢f Defenss Research
and Development Progreas. He joined Digital in 1981 upon coampleting a
27 year caresr in the United States Air Force. During the laet ten
yeadre of his Air rorce career hs mnaneged USAr command and centrol
systen developzent and acquisition activities.

Jim holds an undergreduste degres in electricel engineering from
Atizona Stetes ynivereity end e Mester of Science Degres in Reessrch
and Development §yetexs Menagement from the University of Southern
Celifornis, He completed edditional poet graduete work in Liberal
Acrts and Public Adminietration at Clerk Univereity. Hie scademic
honore include memberehip in Tau Beta Pi, Eta Kappa Nu, end Beta
Gamnd Bigma.
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Mr. BoucHer. Thank you very much.

The gentleman from California, Mr. Packard.

Mr. PACKARD. Thank you, Mr. Chairman.

ur. Agogino, do you have contact with other engineering educa-
tion coalitions where you can share some of your findings relative
to the engineering design and education program?

Dr. Acocino. We've collaborated on a number of projects with
the second coalition out of the first round. The second round of coa-
lition awards I think are just too recent. We haven’t established
any collaboration with them yet.

Mr. Packarp. You mean with other universities that are in-
volved in the Synthesis Coalition?

Dr. Acocino. Weli, certainly within our own Coalition we're
quite active. We make a point of meeting at each other’s institu-
tions and at some common location that may be involved with con-
ferences associated with engineering education like ASEE.

Mr. Packarp. Have other universities shown an interest in what
your Coalition is doing?

Dr. AcosiNo. Absolutely. I've spent a lot of time traveling to
other universities and conferences to make presentations at their
request.

Mr. Packarp. What do you do to disseminate the information
that you are gathering?

Dr. AcoGiNo. Well, we certainly published a number of papers.
The goal of our Coalition is to create a national computer network
as well, called NEEDS (the National Engineering Education Deliv-
ery System), and that is to be a mechanism for mass transportation
at least of the computer-based curricular materials. But we also
have put a lot of effort into the publications, conferences, links to
professional societies and other linkage activities.

Mr. Packarp. Thank you very much.

Dr. Bordogna, what does the NSF—what are their plans to im-
plement the recommendations of the NRC report?

Dr. BorpoGNA. Let me answer that in two ways. I commented
that there are five portions of their report, and Mr. Markovits, this
morning, detailed them, for example, intelligent manufacturing
control. We have programs in each of these and I'll mention a few.
But the purpose is to integrate all of these. We are very concerned
about there being separate efforts and pieces, and the idea is to try
to collect all of this and have an impact in some way.

For example, in intelligent manufacturing control, which is one
of the five real important parts of the “Competitive Edge” report,
we have an intelligent control systems initiative, which is funded,
development of new sensor technologies, which is not funded as
much as it should. This happens to be what I personally think is an
important technology not being attended to properly. For example,
we don’t have an ERC in that yet, and that’s one reason why we
should have more ERCs. It is a very specific focus. If you talk to
manufacturing people, this is a great need.

To put that in a little more context—sensors are important to
use intelligent machines. Unless you can get the information in the
machine, can’t really use its intelligence to make a decision. The
Engineering Research Centers and the Industry-University Cooper-
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ative Research Centers both deal with intelligent manufacturing
control.

Let me just mention a few more. Manufacturing of and with ad-
vanced materials, that's important. There is a material synthesis
and processing program underway now in fiscal 1992 which is new,
sort of as a precursor to the proposed AMP program, the FCCSET
program for next year. And we have a very interesting new an-
nouncement—in manufacturing which deals with chemical manu-
facturing. You know, there’'s assembly manufacturing and also
chemical manufacturing, which has a lot to do with messing up the
environment.

So we have a new announcement called “Environmentally
Benign Manufacturing Processes.” And that’s important also from
the viewpoint of—well, two things. The design—the idea is not to
create an environmental engineering initiative in NSF, but to have
the environment considered at the front of every design of any
product. The second important part of that is the front cover of
this announcement—has both the NSF logo and also the Chemical
Research Council, which deals—which is an industry group which
deals with chemical engineering departments. And inside this an-
nouncement, as a way to try to force more interconnection with in-
dustry, a researcher at the university who would submit a proposal
cannot do so unless there’s an intellectual connection, as opposed
to a fiscal connection, with someone in industry.

So, in summary, all these five portions of that report have pro-
grams under them.

Mr. Packarp. Thank you very, very much.

Mr. BoucHer. Thank you, Mr. Packard.

Dr. Bordogna, let me inquire a little bit about the additional
ways that the NSF intends to meet the challenges that have been
outlined here this morning and are reflected in the two National
Research Council reports. One of the things the report suggests is
that we encourage what it refers to as a new architecture for learn-
ing in these important fields, and it suggests that maybe what we
ought to have is teaching factories that would be modeled along the
teaching hospitals in which doctors are trained today. In any event,
it’s clear that a new architecture of some kind is called for.

Can_you tell us a little bit about how your NSF programs are
geared to produce that new architecture, and generally what level
of resources do you intend to devote to that mission?

Dr. BorpoGNA. Well, the enabling work force is a very, very im-
portant component of getting the job done, as well as the enabling
technology and enabling management ideas. So it’s a focus.

And you have to realize, which I'm sure you do, that everything
at NSF that’s done in research must be done in an educational
mode. The two are connected, and that's a very, very important dis-
tinction of NSF'’s effort. So we must pay due attention to that.

You've heard about the Engineering Education Coalitions. It’s
very, very important that those Coalitions involve industry up at
the front end. This is another paradigm shift. We generally in this
country in academe have developed some nice ideas about research
and education. They've been developed by the faculty in-house.
And then afterwards, after a few years of endeavor they go out to
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our industrial colleagues and say, “Please join us.” And this is a
thing we have to change.

All these efforts now bring industry up at the front end, at the
beginning of development of the idea, the program, so they become
party to it. And this may seem like a simple thing, but it’s very,
very important to have—for the purpose of having industry in-
volved up at the front end.

The ERCs have this, and the Coalitions have this, and it’s not ac-
cidental. This is an important part of what is going on. So the
ERCs and the Coalitions have two important facets: the industry
connection on the front end of developing programs and therefore
being total party to it, and also being available so that the students
have access to industry. This is the way the flow is going. And a
second important facet is both the Coalitions’ programs, Education
Coalitions and the Research Centers have the concept of integra-
tion, and I want to bring in and make a forceful point about this.

The real problem as we see it, and I think collectively too—I
have a personal, a strong feeling about this, but I think collectively
in the Nation the reason the ERCs were developed and the reason
the Coalitions program was developed is that we don’t in academe
teach integration. We spend our time in academe in this country—
it's the great strength—in picking apart topics and teaching very
focused efforts, so people incisively and deeply study something.
And the quintessential end of that is a Ph.D., which is very impor-
tant, leads to Nobel Prizes and should be nurtured. So that, as Dr.
Agogino implied, that all undergraduate curricula, not just engi-
neering, are a collection of courses each of which is disconrzcted
from the other.

So an important part of this whole process is to integrate all of
that. And, for an engineer, the reason for being is to construct the
whole—to make things out of something. So engineering science
has been not quite the only thing to do. We've done that very well.
But it’s science and it’s analysis and it’s focused.

So how do you do this integration? Well, one way, as the previ-
ous panel mentioned a couple of times, is in the freshman year—
Dr. Agogino’s doing this too—is to start the engineering process up
front. Have the students involved in how you put things together,
not just in how you take things apart and study pieces of it. This is
not possible to do without a lot of help from industry.

Now, you asked a specific question about this ‘chitecture of
having the engineering students do something like the medical stu-
dents do, where they go out and do clinical practice. And interest-
ingly, about 6 or 7 years ago the medical schools began to have
their freshmen, first-year students do clinical practice. They used
to wait till the back end too. Like in engineering we still do. W«
wait until the senijor year to do a design project. It’s much too late
because the whole idea of design and putting things together is the
essence of engineering.

So we need a turnaround here. In all these programs, and under-
graduate in particular, are to start this process at the front end.
We're going to need a lot of help from industry to make that prag-
matic because there’s no teaching hospital at an engineering
school, for example. And there should be no intention to develop
such. But we have to go out to industry and make connections.
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We're not quite sure how to do this, but the flow is that way.
And the most important piece of this is in both the Engineering
Research Centers and the Engineering Education Coalitions. For
example, industry is party to the whole thing at the front end. So
you develop these intellectual connections, and then it’s very
smooth and easy and comfortable to go through that interface be-
tween industry and academe.

Mr. Boucher. Okay. We are learning, I think, from your pre-
pared testimony today and also suggestions we had received earlier
that this broad and important subject is going to become a part of
the FCCSET process next year. How definite is that? Give us some
sense of how that FCCSET initiative is going to be structured.
What agencies will participate? What specific subjects will they be
inquiring into? And what level of resources will be devoted to it?

Dr. BorbogNa. Well, I'll give you my personal rendition of
what’s going on. I'm in it. I chair a committee right now, the so-
called Taxonomy Development, which is becoming a very generic
committee. So daily there’s interaction. And on Thursday we're
having a meeting in which we hope to have some kind of draft con-
text of the whole thing.

There’s a vision being developed, and I think the vision is pretty
much what I used to prepare my testimony today. The vision I de-
scribed to you is pretty much the same vision that will be the basis
of the FCCSET initiative.

In brief, the idea is to bring to bear the Industrial Revolution
success of enhancement of muscle power. We’ve made machines.
We've been able to leveragz our physical strength. Now let’s lever-
age our mental strength with the Computer Age. So the connection
there is very important.

That is a difficult thing to do because you may drift off and say
that information is the most important thing or software is the
most important thing. But you have to keep in mind that the ulti-
mate objective, and it's going to be of the FCCSET initiative, that
something has to come out the door and be salable. So that’s a
very, vexéy important focus on what we're doing.

The FCCSET has as its broad vision, now in the context of what
we do by fiscal 1994 is a bit difficult. So there’s a focus now, and
the focus has two parts to it. One is—we don’t know the name of it
yet exactly, but something like software technology for manufac-
turing. We have great strength there vis-a-vis our international
competitors. We should take advantage of that.

Can we use that strength to vault us ahead a bit, to make some
kind of jump and bring our national production system into a more
competitive position? So that’s a piece of it. But along with that is
something—we don’t have the title for it, but something like intel-
ligent machines and intelligent equipment, and the process of put-
ting those together on the factory floor. So you might call this
taking the Industrial Revolution capacity for doing things with ma-
chines and coupling it with the Modern Age capacity, which we
have in great strength, of the Computer Age. That's a focus on
what we’re—it's a general focus, but now what do we do specially?

We've so far developed a taxoncmy, which is a collection of all
the pieces, again, of what we're doing and what should be done.
There will be an inventory taken, the usual kind of procedure. I
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think we're almost there on what that should be. That’s a bit of a
complicated process.

We're not sure at all yet what specifically is going to come out of
this in terms of a specific list of programs, but they’ll be very simi-
lar to the kind of thing that you see in the fiscal 1993 NSF extra
$25 million. Because these are precursors to what everybody is
thinking about in terms of the FCCSET.

You asked about who's participating. And from the NSF point of
view, it’s very critical that we all team together on this. So in this
committee of about 10 or 12 people is DOD, is NASA, is NIST. Inci-
dentally, NIST has been mentioned a couple times this morning
with the first panel. I think it’s critical to look carefully at what
NIST has started with these advanced manufacturing centers out
there in regions, in the country. This is the beginning of an idea
which I think can be very, very valuable.

Let me say just vis-a-vis NSF, if you look at NIST and NSF and
other agencies—let’s take NSF and NIST as an example—NSF is
really a research arm. It’s also an educational arm of an agency of
the government and it looks a bit out further. It looks more in the
long view. Now, in the FCCSET initiative, we have to see some-
thing in the short view too. It's got to bs some more quickening of
how it’s—it’s timely now and the time is running out. So we have a
short view and a long view here.

In that context, NIST has these centers out there which take
what we know right now, extant technologies, manufacturing tech-
nologies, and the intent is to get them into the marketplace, espe-
cially with small companies, so that the interface between govern-
ment and industry can be made more permeable with these cen-
ters. People liken that somewhat to an agricuitural extension.
That’s being talked about now. That has some merit in the sense of
getting knowledge out quickly to where most of the jobs are being
created, and NIST is positioned for that. And I think that’s a nice
evolving program.

If that’s connected, for example, with the rest of us—for exam-
ple, with NSF—to make a continuum from where a discovery is
made—we talk of concurrency, by the way. Concurrent manufac-
turing is making sure design and manufacturing is sort of done to-
gether. Now we’re expanding that view to what this Nation does
best—discovery. So there’s concurrency all the way from discovery
to getting some applied research done, the prototype, design, manu-
facturing, production, getting it out the door, recycling it back,
don’t mess up the environment—:losed-loop manufacturing kind of
idea, but all done concurrently. And so in that sense having what
NIST is doing, NSF is doing, make a concurrent link—that can be
a great kind of impact on how we can move ahead more quickly.

And DOD, NASA and so on have all these talents. So anyway the
FCCSET is moving along, I think, very nicely with a consensus, a
lot of argument among the agencies as to what to do.

Mr. BoucHgr. I heard you refer to some of the individual compo-
nents of it, and you were talking about the advanced software for
manufacturing and some other things. Do I take it that the broad
title of this, the scope of it, is going to be along the lines of what
we're discussing this morning? And that is, better engineering
design an1 manufacturing technology generally?
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Dr. BorpoGNA. Yes, I think—Ilet me say something a little more
detailed about that. I think—again, everything that’s been said this
morning I agree with fully. 1 think everybody—there’s a team
here—these reports have been out , and these reports all sort of
have the same idea in them; and the competitive edge is just one of
them. I think there's general consensus on what to do, but I think
there’s a larger envelope around this that has a lot to do with
making an enabling work force, not just getting something done on
the factory floor, which is imperative, and that's the idea of inte-
gration. I'll bring that back again.

I think the psyche of the country is such that from the time you
go to school until you get out of school and go to work we're train-
ing all and educating all our young people to be reductionists, to
take things apart and investigate them very, very carefully. The
system is set up that way. And very rarely in high school any-
where is any connection made among the pieces of this.

So that we see the FCCSET initiative—the effort to make the
country more competitive in manufacturing, which is critical to
our national wealth creation—as a way, also as a vehicle for begin-
ning a new kind of mode of balancing education in the country. Be-
sides being good analytically, which we are, let’s develop an inte-
grative mode.

Now, there’s a lot of—I use the word “psyche” because our coun-
try dwells a lot on iadividual performance. There is very little
group or team reward in the country. And this is a difficult thing
to change.

I should—there’s a lot of connections here. Let me give you one
more connection because it relates to this. The Presidential Young
Investigator Award which, I don’t know—Alice, you're one of these,
and there are about 1400 of them? Something like that. There's
over a thousand of these young people out there who've been given
this Presidential Young Investigator Award, and it has been inter-
esting to see how that’s developed over the first 8 years of it.

In the beginning it was a way, in the context of—Dr. Dieter was
here answering about academe is like. In the context of the classi-
cal academe, that program was started to make the new young fac-
ulty the best, very proficient in research only. Get them up to
speed fast, in a tenure period of 6 years or so, by giving them
enough resources and a distinction, a label which is very prestigi-
ous. That’s changed a lot, and now we have two events happening.
The new Presidential Faculty Fellows and a new NSF Young Inves-
tigator Award, which is the same kind of program. A little differ-
ent label on it, same number of people. You can’t get one of those
now without being equally proficient and have promise for teach-
ing and education ac well as research. The teaching and research
and education has & lot to do with integration, again. So that
there’s a plot here of trying to develop a different way of changing
the way we educate in this country where we're going to use differ-
e}r:t vehicles to do it, and the manufacturing initiative is one of
those.

Mr. BoucHER. I'm encouraged to hear the early plans that you
have for this FCCSET initiative, and I would certainly add my en-
dorsement to the idea of this being one of the areas for focus by the
FCCSET process.
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First of all, in further questions along that line, does the admin-
istration generally support this? Have you—does OSTP add its im-
primatur to this effort?

Dr. BorpoGNA. I'll say it personally. Dr. Gene Wong is on us ev-
eryday.

Mr. BoucHeR. Okay.

Dr. BorpoGNA. There is a—OMB, OSTP—everyone is pressing
very hard.

Mr. BoucHER. Good. And what level of resources do you think
will be applied for this FCCSET initiative? Do you have any esti-
mate of what the total budget number will be?

Dr. BorpoGNa. No, I don’t know. It’s totally premature for me
especially to make a guess of that because it's going to be a collec-
tive kind of thing. But the inventory will start soon, and we're
going to try to do this quickly, get a—we’re going to have a rough
cut inventory first, so we can get into the 1994 budget with some
kind of focused initiative.

Mr. BoucHer. Well, your own program is $104 million for fiscal
year 1993. Assuming you get that level appropriated—that’s what
you asked for—I would assume that bringing all these other agen-
cies in would increase that number significantly. So do you care to
give us just a ballpark estimate?

Dr. BorpoGNA. You know I—well, some have said that the manu-
facturing base in R&D in the Federal Government is somewhere
around $1.2 or $1.3 billion. It’s a—that’s been tossed around. I'm
not quite sure it’s come from. People were giving some thought to

this last year because there had been some work going on, and it’s
very interesting—it’s very similar to the advanced materials initie.-
tive. It was about 1.3 billion.

And I—another part of the FCCSET—I want to answer your
question, but I want to put another piece to this. A very, very im-
portant part of the FCCSET which may in the end—in the long
run be more important than just next Kear’s budget is the fact that

the lines are being blurred between the agencies. There's a lot of
collectivity. People are getting to know each other, and we're get-
ting a good way to look at a collective integrative way of doing this.

I don’t know what the investment should be. I—certainly we
could—NSF started off this year with a $75 million request for an
advanced intelligent manufacturing initiative which I think in the
end was too broad-based to start immediately. Let me give you a
context now. So it was throttled down to 25 million, which I think
was correct. So I think, you know, a doubling kind of money—if
you play out rationally all the programs that are needed, you end
up with something like doubling. But then you have to worry about
starting this, gearing this up for next year.

So, in the NSF thing, the reason it was scaled back was to be
more rational in getting the base going, then advancing from there.

Mr. Boucner. We'll look forward to following with interest that
progress, and I'm encouraged to hear that so much progress is
being made on that front.

Let me get you to respond to two suggestions made on the previ-
ous panel. The first of those came from Dr. Jones, and that is that
in your ongoing advanced manufacturing initiative you are not
placing enough emphasis on engineering design. That that needs to
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be highlighted more and that, I guess—I guess additional resources
need to be applied to it.

What response do you have to that? And what intentions, if you
agree with Dr. Jones observation, do you have to remedy it?

Dr. BorboGNA. I'll give you two answers to that. One is yes, I
think we don’t put enough emphasis on design. But you have to be
very careful that the design in and of itself has pieces to it. One is
the research piece and one is the education piece, which Dr. Ago-
gino very capably described as to what we have to do in undergrad-
uate education. go, if you collect those two things, you get a differ-
ent kind of answer of how much is being spent.

So we certainly need new Education Coalitions, which I would
add in as the design money we need, because I can’t separate the
research. The end result of NSF in the long term is to meld educa-
tion and research. So I can't talk separately about the Coalitions
and the Research Centers.

So I think—yes, I think generically design has not been consid-
ered an intellectual goal in academe, and we have to change that.
But we’re not going to change it, I think, just by going on design.
We’re more clever than that. And so the idea of integration and
collectivity and design and manufacturing.

So, yes, I don’t think it's enough on design. But, on the other
hand, it’s very difficult for us at NSF, on the basis of what I've said
so far, to separate the pieces. You see, we’re very worried about if
we pick out a piece and just dwell on that and talk about that in
the context of this must be done. It may be true. But we worry
about having it done in a disconnect from the rest of the thing that
has to be done. So, to us design and manufacturing are critical to
be linked, and that’s why the division of design and manufacturing
was set up and not two separate ones.

And I've mentioned about concurrency—one reason it was set up
as it was at NSF is design and manufacturing must be concurrent,
and there is no argument among any of us on that. I think there's
not enough being spent on manufacturing, not enough being spent
on design as entities in themselves. 3ut it’s more important to
make these additions of money in the context of the overall effort.

Mr. BrucHER. Well, you're giving me a sense of how difficult it is
to heighten the focus on design. But what are the answers to those
problems? I nean, how do you do it? You're saying you don’t want
to disengage it from manufacturing, per se. You're probably right
about that. On the other hand, if it needs more emphasis, how do
we give it more emphasis?

Dr. BorpoGNA. Well, I—it needs more resources to get to a stage
in research that it should be. So I agree with that fully.

Mr. BoucHER. Do you intend to allocate more resources to it?

Dr. BorpoGNA. Sure. In fact, in the $25 million there is at least
twice as much. And that’s, of course, the $3 million and one-half
million kind of argument here. And yes, there’s more money allo-
cated, but it’s done in the context of the overall idea.

Mr. BoucHER. There was a suggestion also that in the broad cate-
gory of soft science you are undervaluing the need and are, I guess,
providing something like one million out of your budget of 104 mil-
lion for that. The suggestion was that maybe a 500-percent increase
in that might be appropriate?
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Dr. BorpoGNA. Yes.

Mr. Boucser. Do you have any comment with regard to the soft
science——

Dr. BorpoGNa. I don’t know where the one million came from. 1
think, again, you have to define what soft science is, and it could
mean social sciences.

Mr. BoucHgr. Well, it is—social sciences.

Dr. BorpdGNA. Yes. Okay. All right. If that's what you mean, I
can answer that clearly.

This is an important issue, and I mention in my prepared testi-
mony that the appointment of the new head of that directorate is
someone who has done research on the human dimension in manu-
facturing. Now that wasn’t trivial. That was a part of that appoint-
ment.

We're very interested in making—engineering at NSF has a very
up front connect with the Social, Behavioral and Economic Sci-
ences Directorate for this purpose. So we put $1 million in manage-
ment of technology in the fiscal 1993 budget. That’s a controversial
thing to do because NSF is not supposed to do management of tech-
mlog}g:. They're supposed to do hardware kinds of things and re-
search.

So the best way to answer that is no, it’s minimal, but it’s a foot
in the door. But it's a very, very important issue because enabling
work force, enabling technologies, enabling management—these
are all the things that have to be pui together to do manufactur-
ing.

I would like to put more in.

Mr. BoucHER. Okay.

Dr. BorbogNA. 1 think it’s a big, overarching thing we have to
worry about.

Mr. BoucHer. Well, we've identified the problem, and we’ll con-
tinue to focus on that.

Let me inquire of our other two panel members about another
subject that has been raised repeatedly this morning, and that is
the need to have more integration between industry and the uni-
versities in terms of mauufacturing technology and engineering
design. How effective are the programs at your universities in at-
tracting industry support? To what extent do you have programs
that exist in conjunction with industry today? And how interested
is industry generally in hiring people who have graduated from
your program?

Dr. Solberg, would you care to begin?

Dr. SoLBerG. Yes. Well, of course connection to industry was one
of the explicit objectives of the ERC program. So we’ve pursued
that very actively from the very beginning, with surprising success,
I think. I was a little surprised at how eager the companies were to
work with a university.

It's not uniform, though. One of the lessons I have learned is
that you have to be cautious about generalizations here. We are
working very successfully with our member companies. Of course,
those are the companies who, have come to us. They're, perhaps,
not representative of Ameri¢an jndustry generally. They tend to be
big companies because the big companies can afford to work with
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ugt not just financially, but in terms of allocating people to the
effort.

And it’s been troubling throughout that we were not really get-
ting to very many small companies, some, but not ve many.

As for hiring the graduates, we found that they’'ve been very
eager to get our graduates. I alluded to the study earlier that this
has been a general experience of ERCs. The graduates that have
come out and been employed seem to surprise the companies at
their capabilities. It's very gratifying to get those stories back. It
shows we're on the right track.

Again, though, that’s not a uniform experience. There are many
companies that haven’t yet awakened up to this need for the team-
player-kind of engineer and are still looking for the specialist. So
it’s a mixed message.

Mr. BoucHER. All right. Dr. Agogino?

Dr. AgocINo. I've been totally overwhelmed by the support that
we receive from industry. For every one dollar from NSF, we get
three or four times, in terms of just a monetary contribution, from
industry.

In addition, they’re enthusiastic. They’re so excited that they can
be involved intellectually in changing the direction in undergradu-
ate engineering education. I've been asked to speak in front of the
board of directors of at least three companies so far. We've made
presentations not only at the very high level, but working at all
levels through the companies. They're getting—they were involved
in our proposal-making process to start out with. When we decided
what problems we want to tackle, we worked with industry to iden-
tify those very difficult problems.

I view, and this is also the view that I received from industry,
that the education of an engineer is really a 10-year period and
that we have to look at the 10-year education. And the university
provides one part of that education. That like the medical school
analogy, the experience in working with industry provides another
part of that, and we need to work together to have an integrated
engineering education policy.

They’ve not only been involved at the intellectual level in terms
of telling us advice on our programs, but also I think through
working through the Coalition we’ve seen a kind of collaboration
between industry as well in working with us. At UC Berkeley in
our industrial liaison program for the first time ever, we had a pro-
gram on the Coalition and on undergraduate engineering educa-
tion. And during this tough period in California and the Nation,
travel to go to industrial-type programs at universities are one of
the first things that are cut. We had standing room only at our
presentation. The involvement and the response from industry has
just been overwhelming.

Mr. BoucHeR. Well, that's encouraging to hear.

Do you have the sense that at other engineering schools through-
out the country a similar success story could be told?

Dr. AcoGiNo. Well, certainly that’s true through the members of
our Coalition. That’s where I have the most experience.

Mr. BoucHERr. How many universities are involved in that?

Dr. AcoGgINo. There are eight universities.
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Mr. BoucHEr. Okay. This is a pilot program and it's fairly new, I
gather.

Dr. AgoGINo. Yes. There have been major changes. To add to
that point, there are three Historical, Black Colleges and Universi-
ties in the Coalition, and I think that they are getting a level of
attention and response from industry that they would not have re-
ceived if they had not been part of the larger Coalition. So major
corporations are now going and looking at their networking infra-
structure or reviewing the curriculum or looking at their gradu-
ates, and I think that that has been a tremendous impact that
would not have happened if it had not been a collaborative activity.

Mr. BoucHer. Would you argue, based on that success, for the
application of this program to engineering schools nationwide at
this point?

Dr. AcociNo. Absolutely.

Mr. BoucHER. Do you think——

Dr. Acocino. I think it’s important that we should continue
funding more coalitions.

Mr. BoucHER. Okay. Where do you get your funding from for the
Coalition?

Dr. AcoGgiNo. Well, the NSF provides the seed money for the
funding. As I said, it’s a significant part, I'm sure, of NSF’s budget.
But industry has multiplied that three or fourfold, and our univer-
sities have matched as well. And another part that was unexpected
was the tremendous response from our universities. The—in, again,
tight budget times, I am sure, on all campuses, it is the match to
the Coalition funds that have been preserved, and, in fact, in many
cases increased.

Mr. BoucHER. Dr. Bordogna, do you share her enthusiasm for the
success of the program?

Dr. BorpoGNA. Well, Dr. Agogino and I are teammates on this,
so we're biased.

Let me just add that there are four coalitions and there are u;.-
wards—over 30 schools involved, and two more are coming on line
next year. So it will be about 50 schools involved. And there are
300 engineering schools, more or less, in the country. So that’s 50.
And the schools involved are schools, many of which operate under
the old paradigm: You just do your research. And they’re given a
signal. They're given an image. So I think this is barreling along
very, very nicely, and I think we’re going to have change.

Mr. BoucHER. Well, should we be trying to apply this to all 300
schools instead of simply 50?

Dr. BorpoGNA. The objective is to apply the philosophy and con-
text of integration to all schools, and that will be a paradigm shift,
but to also allow schools to do it in their way. That’s another piece
of this. That different schools in different regions of the country,
different cultures, different miakeups, and they should apply this
process of up-front engineering in the freshman year and integra-
tion in their own way.

But yes, the intent is to change the paradigm for engineering
education. It’s not a science education. It’s an engineering educa-
tion.

Mr. BoucHER. Do you only have funding to provide the seed
money at these 50 schools? Is it a question of money or is it a ques-
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tion of structure of the program, where you think that this should
be something that’s sort of short term and just proved out in select-
ed universities and then just offered as a model to others without
funding?

Dr. BorpogNA. This relates very much to the question that you
asked previously about the culture, the faculty culture, and how
you get promoted and the reward system. We have to carry this on
for at least a half a generation, maybe 10 years, so that we get in
place who've been rewarded. The young PYIs are involved, so
they're coming along with this new melding of teaching and re-
search. That's the overall grand plan. So at least 10 years mini-
mum is the effort. And it's very difficult to bring the money to
bear on this.

Mr. BouchHer. Well, if it's working so well at Dr. Agogino’s uni-
versity and apparently at others—she said that her Coalition part-
ners also are enjoying success, and I would assume you are fore-
casting for the balance that would bring the number up to 50—
then why stop the funding with 507 If it is successful, why not take
it on to the other 250?

Dr. BorpoGNaA. There’s no intent to stop the funding. You have
to, first of all—Alice, you've been in line about a year.

Dr. AGgeGino. Year and a half.

Dr. BorpoGgNA. And the new ones are just starting, the next two.
So that there are two underway for a year, and the next two for
the next year.

Mr. Boucher. But why is the pace so slow? I mean why not ac-
celerate the number of universities?

Dr. BorpogNA. Well, I think we can, maybe in a bit. But this is
an experiment too, and we're learning a lot from the feedback of
this. We're not quite sure how to conduct this program specifically.
We know how to conduct it generally. And so part of the up front
is like a research project.

Mr. BouCHER. Are you getting any clamor from other universi-
ties saying, “Me, too; I want to be included’’?

Dr. BornogNaA. Well, sure. Sure. We have another announcement
out right now. In fact, I just delayed the receipt of letters of intent
because so many universities are getting together, and they need
more time to collect themselves.

In this new round we're trying something a little different. It is
another experiment. They’ve been generic before and sort of get to-
gether in big groups. Now we're saying maybe a smaller group of
universities and the focused kind of piece of this might be good.

Mr. Boucser. All right. Dr. Solberg, are you participating in
this?

Dr. SoLBERG. I've had some involvement. I'm not sure whether
we're going to be involved in this next round.

My-—just to echo something that he said in slightly different
words. | sense very little disagreement about what needs to be done
either in the research or education area. The challenge is to get it
all together and integrate it. So there are probably many models to
be explored here, and the typical American pluralistic approach
here is probably wise.

Mr. Boucner. Well, ladies and gentlemen, I thank you for the
enlightenment that you've provided today. We could carry on this
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subject for a lot longer. I, unfortunately, have another meeting I
have to attend.

We appreciate this panel of witness’ contribution to our work.
This is a subject that we will continue to examine. And we wish
you well in your efforts.

Dr. BorbocNA. Thank you.

Mr. BoucHER. Subcommittee stands adjourned.

[Whereupon, at 11:30 a.m., the subcommittee was adjourned, to
reconvene subject to the call of the Chair.]
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